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DESCRIPTION 

NOVEL PROTEIN AND METHOD 

AN OCIF-BINDING MOLECULE (OBM). NUCLEIC ACID ENCODING. AND 
PROCESS FOR PRODUCING THE PROTEI>J SAME 

Fi e ld of T e chnology 

TECHNICAL FIELD 

The present invention relates to a novel protein (OCIF- binding moleculeT-the 
prot e in may b e ; hereinafter eaBed -it may be referred to as " OBM"), which binds te 
osteoclastogenesis inhibitory facto r (h e r e inaft e r it may b e call e d QCIFX and a production 
method to produc e this prot e i n thereof .Th e In addition, the present invention also relates 
to DNA e ncodin g which thi sencodes the protein, prot e ins containing th e a protein having 
an amino acid sequence encoded by thise DNA, a method for genetically producing the 
pr e paration of this p rotei n utilizing g e n e tic e ngin ee ring t e chniqu e s , and^ pharmaceutical 
compositions comprising thise protein. 

The present invention fiirth e r also relates to a_methods fefof screening , using this 
prot e in and th e DNA, substanc e s to control th e for: a substance which controls expression 
of thise protein, substanc e s inhibitin g a substance which inhibits or r e gulatin g modifies the 
biological activity of thise protein, or r e c e ptors transducin g a receptor which binds the 
signal o f protein and transmits the activity thereof, methods of using the p rotein by 
int e racting with this prot e in, to or the DNA: the substances obtained by th e scr ee nin g these 
methods: and pharmaceutical compositions comprising the obtained substances. In 
addition, the present invention also relates to an antibody to the protein, a method for the 
production thereof, a method for measuring the protein with the antibody , and te 
pharmac e utical compositions which compris e the r e sulting substonc e s. an agent 
comprising the antibody. 
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Th e pr e s e nt inv e ntion furth e r r e lat e s to antibodi e s against this protoin, mothods 
for preparing the antibodi e s, and pharmac e utical compositions comprising th e s e 
antibodi e s. 

Background ArtiH6, 4100, 839, 5 

BACKGROUND ART 

Bone metabolism is d e p e nd e n t depends on the overall activity of osteoblasts 
whi ^esponsible control for bone formation^ and osteoclasts which contro l responsible 
for bone resorption. Abnormal itv-e flt is assumed that bone metabolism abnormalitv is 
consid e r e d to b e caused by an imbalance due to loss of R ebalance between bone 
formation and fee-bone resorption. Ost e oporosis As diseases involving bone metabolism 
abnormality, osteoporosis , hypercalcemia, bone Paget-' s disease, renal osteodystrophy, 
chronic rh e umarthritis, ost e oarthristis j heumatoid arthritis and th e lik e osteoarthritis are 
know n as dis e as e s accompanying abnormality of bon e m e tabolism . Ost e oporosis is a 
typical dis e as e caus e d by such abnormal itv-ef ^A representative of these b one metabolism 
abnormality diseases is osteoporosis . This disease is g e n e rat e d occurs when bone 
resorption by osteoclasts exceeds bone formation by osteoblastS:r-The diseaseand is 
characterized by aequal decrease in both th e b one calcifiare dous mat e rial substances and 
fee bone matrix. Although th e The mechanism for crisis of this disease is not compl e t e ly 
e lucidat e d yet fully clarified , while it is a disease with pain in bone and bone fracture due 
to th e increased fragility of bone. Along with an increase in the population of aged 
people, this disease causes aehe saged people to fracture bone, resulting in bon e s, mak e s 
th e m fragil e , and may r e sul t confinement in fracturin g bed . This disease is 
b e comin g akeady a social problem b e caus e it incr e as e s th e numb e r of b e dridd e n ag e d 
p e rsons as th e ag e d population b e com e s larg e r. D e v e lopm e nt of th e rap e utic ag e nt^ ^ 
that medicaments for thi streating the disease isare urgently d e sir e d. n eeded to be 
developed. Dis e ase du e to a d e cr e as e in bon e mass it is expected te that osteopenia due to 
bone metabolism abnormality can be euredtreated by suppr e ssin g stimulating bone 
formation, inhibiting bone resorption , acc e l e rating bon e formation , or improving the 
balance between them. That is, bone r e sorption and formation. Bon e formation is 
expected tebe incr e as e stimulated by acc e l e rating prolif e ration p romoting the growth . 
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difFerentiatio n. or activatio n and functions of osteoblasts^ which fef mare responsible for 
bone_fbnnation,-eF-by suppressing prolif e ration. the differentiation , or activation of 
osteoclast precursor cells to osteoclasts which r e sorb and maturation thereof or 
su ppressing osteoclast function such as bone -resorbing activity . In r e c e nt y e arsA t 
present , strong int e r e st has b ee n dir e ct e d to hormones, substances of low molecular 
weight substanc e s, or physiologically active proteins e xhibitin g having such activiti e s, 
and e n e rg e tic basic r e s e arch and d e v e lopm e nt is underway on th e s e subi e cts activitv are 
being studied and developed . 

Drugs such as As agents for treating bone-relating diseases and shortening 
treatment periods thereof, a calcitoni n-containing agent sformulation , the active-form of 
vitamin D^ -containing agentsfonnulation, hormone ag e nts containing ( estradiol, 
ipriflavone, vitamin ¥io: z2) -containing formulation and bisphosphonate compoxmds hav e , 
based compound are already be e n Icnown as drugs to tr e at and short e n clinically available. 
Furthermore, to develop medicaments with less side effects and excellent effectiveness, 
clinical trials of the tr e atm e nt p e riod of dis e as e s r e lat e d to bon e . Clinical t e sts ar e in 
progr e ss on active-form of vitamin D3 derivatives, estradiol derivatives, and 
bisphosphonat e-based compounds of the second and th eor third generation to d e v e lop 
therap e utic ag e nts with e xc e llent e fficacy and minimal sid e e ff e cts have been held . 

However, th e rapi e s since such methods for treatment using these ag e nts w e r e 
feim ddrugs are not necessarily satisfactor y sufficient in t e rms of e fficac y effectiveness and 
th e rap e utic results . Dev e lopm e nt of treatment, novel th e rapeutic ag e nts 
whie hmedicaments that are safer and withhave higher e fficacy is urg e ntly 
desife deffectiveness have been expected to be developed . Some ag e nts Moreover, among 
medicaments used for th ein treatment of dis e as e s r e lat e d to b one metabolism diseases, 
there ar e those which can be used only limit e dl y for treating a restricted kind of disease 
due to their side effects thereof Furth e rmor e in addition , tr e atm e nts using two or mor e 
ag e nts in combination ar e currently th e mainstr e am in th e tr e atm e nt of dis e as e s r e lat e d at 
present, to treat bone metabolism diseases such as osteoporosis , treatment with combined 
use of more than one medicament is currently usual . From such a point of view, 
d e v e lopm e nt of drugs a medicament having different action mechanisms diff e r e nt fi-om 
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those of the conventional drugs, and e xhibiting a ones with higher e fficac v effectiveness 
and minimal less side effects is d e sir e d have been expected to be developed . 

As m e ntioned described above, the-cells controUin g responsible for bone 
metabolism are osteoblasts and osteoclasts. Th e se c e lls ar e lt is known to hav e clos e 
mutual int e ractions call e d " that these cells closely interact with each other, and this 
phenomenon is regarded as coupling". Sp e cificall v That is . it has been reported that the 
differentiation and matiu'ation of osteoclasts are stimulated or suppressed by cytokines 
Guch as Int e rl e uldns . interleukins 1 (E.-1), 3 (IL-3), 6 and 1 1 (IL-11), 

granulocytiee ^macrophage- colony -stimulating factors (GM-CSF), macrophage- colony 
^stimulating factors ( MGM -CSF). finterferon- 7 gammas (IFN-^), tumor necrosis factors 
esa (TNF-efa),-aHd transforming growth feetefH Sfactors p (TGFhSP^ t and the like, which 
are secreted by ost e oblastic stromal from osteoblast-like stroma cells are laiown to 
acc e l e rat e or suppress diff e r e ntiation or maturation of ost e oclasts (Raisz: Disorders of 
Bone and Mineral MetaboUsm, 287- to 31 L 1992; Suda et al: Principles of Bone 
Biology, 87- to 102, 1996; Suda et al\ Endocrine Reviews, 4, 266- to 270, 4^9# t1955, 
Lacey et al: Endocrinology, 186, 2369- to 2376, 1995). It has b ee n r e port e d is knovm 
that ost e oblastic osteoblast-like stromal cells play an important role in the-differentiation 
and maturation of osteoclasts , as w e ll as i n and expression of mature osteoclast 
functions function, such as bone resorptio n by matur e ost e oclasts , through eell- 
intercellular binding to c e ll contact with immature ost e oclast pr e cursors p recursor cells of 
osteoclasts or {mature} osteoclasts. — A factor call e d As a factor involved in 
osteoclasto genesis by the intercellular binding, a molecule known as osteoclast 
differentiation factor (ODFj) {Suda et al \ Endocrine Rev. 4^13, 66- to 80, 1992; Suda et 
al: Bone 17, 87S- to 9 IS, 1995) which is thought to b e expressed on the membrane of 
ost e oblastio the osteoblast-like stromal c e lls and involv e d in th e formation of ost e oclasts 
through c e ll - to c e ll contact cell is predicted . According to this hypoth e sis assumption , m 
ODFa receptor is pr e s e nt for ODF exists in the osteoclast p recursor c e lls of 
ost e oclasts cell . However, so far n e ith e r th e ODF ne rand theis receptor has b ee n are not 
vet either purified or identified . Th e r e , and there are-alse no reports r e lating to on their 
characteristics, action m e chanism, m echanisms or structur e nd structures . ThusAsjust 
described , the mechanism involv e d in for differentiation and maturation of osteoclasts has 
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not yet-been Gufficiontly olucidat e d. Clarificatio n fullv understood vet, and it is expected 
that full understanding of thisat mechanism will greatl vsignificantlv contribute not only 
to the basic medicin e . field of experimental medicines but also to the 
d e v e lopm e nt developments of novel drugsagents for th e tr e atment of disoasos asGOciat e d 
with treating bone metabolism abnormalit y of bon e m e tabolism , based on the novel action 
mechanism . 

Tb eUnder the circumstances, the present inventors have conduot e d m ade 
e xt e nsiv e intensive studies in view of this situation and discov e r e d a n found 
osteoclastogenesis inhibitory factors (OCIF) in athe culture bre fesolution of hirnian 
e mbrvonic fetal lung fibroblaot J ibroblasts IMR-90 (ATCC Deposition No. CCL186) 
(WO 96/26217). 

TheTheiLjhe present inventors hav e b ee n succ e ssful succeeded i nPNA cloning 
DNA e ncoding of OCIF, production of a.recombinant OCIF i nusing an animal cells, and 
confirmation of in vivo pharmac e u tiea lmedicinal efieet svirtues (bone metabolism 
improving effect on bon e m e tabolism, e tc. ) of the recombinant OCIF. OCEF is expected 
to b e us e d as an ag e nt fo r a medicament that has higher effectiveness and causes less side 
effects than the pr e vention or tr e atm e nt o f conventional one and can prevent and treat 
diseases r e lat e d to abnormalitv o f associated with bone metabolism , with high e r e fficacy 
than conventional drugs and l e ss sid e e ff e cts abnormality . 

DiGoloGuro of th e Inv e ntion DISCLOSURE OF THE INVENTION 

The present inventors have intensively searched for the existence of a protein 
which that binds to osteoclastogenesis inhibitory factor fflCIF ) and discov e r e d by using 
OCIF. As a result, the inventors have found that an-OCIF- binding protein is specifically 
expressed on thean ost e oblastic osteoblast-like stromal cells cultured in the presence of a 
bone resorption factors such as the active-form of vitamin D3 and parathyroid hormone 
(PTH). In addition F urthermore. th e pr e s e nt inv e ntors hav e inv e stigat e d as a result of 
studying the characteristics and physiological functions of this-OCIF- binding protein-and 
found that^ the protein e xhibits was found to have biological activity efas a factor which 
supports or promot e s th e so-called osteoclast differentiation and maturation #^ Hfactor, 
associated with differentiation of immature pr e cursors o f osteoclast precursor cells to 
osteoclasts . Th e se findings hav e l e d to th e compl e tion of th e pr e s e nt inv e ntio n and 
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maturation thereof . Furth e r inv e stigation into th e prot e in of th e The present invention has 
weven been completed based on this finding. Moreover, as a result of further studying 
the protein of the present invention, the present inventors have found that this the novel 
membrane protein is an important protein controllin g which leads the differentiation and 
maturation of ost e oclasts from immature pr e cursors o f osteoclast precursor cells to 
osteoclasts by osteoblast-like stromal cells in a co-culture system of the 
ost e oblastic osteoblast-like stromal cells and spleen cells. The succ e ss i n successful 
identification-and^ isolation and purification of the protein which functions as a factor 
supporting or promotin g which supports and promotes the differentiation and maturation 
of osteoclasts in the present invention hasenables e nabl e d a screening ferof a novel 
m e dicin e us e ful for abnormality o f agent for treating bone metabolism abnormality, based 
on_a mechanism effor bone metabolism utilizin g in a living subject, using the protein of 
the present invention. 

Accordingl y Therefore , an object of the present invention is to provide a novel 
protein (OCIF- binding molecule-er; OBMX which binds te-osteoclastogenesis inhibitory 
factor (OCIF), and a method to produc e this prot e in for the production thereof Another 
object of the present invention is to provide DNA e ncoding this which encodes the 
protein, prot e ins containin g a protein having an amino acid sequence encoded by thise 
DNA, a method fo r genetically producing thise protei n utilizing g e n e tic e ngin ee ring 
t e chniques , and a, pharmaceutical compositions comprising thise protein. A Furthermore, 
farthe f another object of the present invention is to provide m e thods an agent for 
preventing and/or treating bone metabolism abnormality comprising the protein. 
Moreover, another object of the present invention is to provide: a method of screening 
substanc e s for: a substance which controls expression of this prot e in using this the p rotein 
and th e DNA , substanc e s inhibitin g a substance which inhibits or r e gulatin gmodifies the 
biological activity of thise protein, r e c e ptors transducin g or a receptor which binds the 
aetio Hprotein and transmits the activity of the protein by binding to : a method of using 
the protei n, substances and DNA thereof: a substance obtained by theat 
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to the antibodi e s protein, a method for production thereof, a method for measuring the 
protein using the antibody , and a medicament (agent: p harmaceutical 
compositionG composition) comprising these antibodiesy. 

The protein of the present invention ha sshows the following physicochemical 
properties and biological activity. That is, (a) Affinity: the protein specifically binds te 
the-osteoclastogenesis inhibitory factor (OCIF) and e xhibits has high affinity to OCIF (a 
dissociation constant , a Kd value, on_a cell m e mbran e : Kd ~ surface, is not larger than 10* 
^ M or l e ss ) ; (b) Mol e cular w e ight: has the protein shows a molecular weight of 
approximat e l y about 30,000- to 40,000 ^4i^as d e t e rmin e dmeasured by SDS- 
polyacrylamide gel-electrophoresis (SDS PAGE) under non-reducing conditions^ and 
shows an apparent molecular weight of approximat e l y about 90,000- to 110,000 when 
cross linlc e d crosslinked tewith a monomer-fi^ n-type OCIF; and (c) Biological the 
protein has an activit y: e xhibits activity supporting or promoting ost e oclas t to support 
and promote the differentiation and maturation of osteoclasts in a co-culture syst e m of 
#ie mouse ost e oblastic osteoblast-like stromal cells and mouse spleen cells in the presence 
of bone resorption factors such as the active-form of vitamin D3 and parathyroid 
hormones (PTH). 

AAs a representative in vitro culture system for osteoclastogenesis, a co-culture 
system of ST^v^mouse ost e oblastic derived osteoblast-like stromal cell line, ST2, and 
mouse spleen cells in the presence of the active-form of vitamin D3 or PTH is well known 
as a typical in vitro cultur e syst e m for ost e oclast formation . The cells e xpr e ssin g that 
express the protein of the present invention can be d e t e rmin e dobtained by 
tesfe gexamining the binding ability of OCIF to a mouse ost e oblastic osteoblast-like 
stromal cells or mouse spleen cells cultured in the presence or absence of the active-form 
of vitamin Dxt ^ to OCIF. The protein of the present invention is sp e cifi e d identified as 
thea protein which is induc e d specifically induced on the^ ost e oblastic osteoblast-like 
stromal cells cultured in the presence of an ost e otropic b one resorption factors such as the 
active-form of vitamin D3 or PTH. In addition F urther , tfeein pretei nconsideration of-the 
inv e ntion can be sp e cifi e d as a prot e in e xhibiting biological activity supporting or 
promoting differ e ntiation and maturation of ost e oclasts firom the following r e sults. That 
isr ^facts that osteoclast formation is inhibited dos e d e p e nd e ntly b y the-addition of 4-4e 
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4 0 ng/ml of OCIF to the above m e ntion e d co-culture system in the presence of the active- 
form of vitamin D3, th e time cours e o fi n a dose-dependent manner within a range of 1 to 
40 ng/ml of OCIF: that there is an intimate correlation between change in expression of 
the prot e in of th e p resent inv e ntion p rotein induced on the ST2 cells in the presence of the 
active-form of vitamin w e ll corr e lat e s and the change in osteoclast formation with-the 
the passage of time cours e of ost e oclast formation in th e co cultur e . In addition, : that the 
amount of prot e in of the present inv e ntion protein expressed on a^ST2 cells 
correlat espond s-with to the capabilit y intensitv of them eelteability to support the 
osteoclast formation^; and the that osteoclast formation is completelv inhibited bv binding 
of OCIF(s) to the prot e in of th e p resent inv e ntion protein on the ST2 cells compl e t e ly 
s uppr e ss e s , the protein of the present invention is identified as a protein having biological 
activitv (effect) to support and promote the differentiation and maturation of osteoclasts 
formation . 

The affinity of the protein of the present invention tefor OCIF can be 
e valuat e d assessed by labeling OCIF and e xaminin g testing the binding activitv of the 
labeled OCIF to the surface of an animal cell membrane. OCIF can be labeled by a 
conv e ntional commonlv used protein-labeling method such as labeling with a radioisotope 
or fluorescentce labeling. Lab e ling of tyrosin e r e sidu e s with can b e giv e n as a 
sp e cific F or instance, an example of labeling of th e OCIF with ma. radioisotope . Lab e ling 
is ^^^I labeling at a tvrosine residue, and labeling methods such as ilodogen method, 
chloramine T metho d, and e nzymatic and enzvme method can b e utiliz e d, can be 
employed thereto. The binding ef-fe eactivitv of the thus labeled OCIF to the surface 
m e mbran eof ef^ animal cell membrane can be examined in accordance with a 
commonlv used method, and the amount of nonspecific binding can be teste dmeasured 
by a conv e ntional m e thod. Th e additio n adding ICQ to 400 times excess amounts of 
unlabeled OCIF to the medium us e d for the binding assay to a conc e ntration, 100 to 4 00 
tim e s th e conc e ntration of lab e l e d OCIF, e nsur e s m e asurem e nt of non sp e cific 
bmdi ftgexperiment . The amount of specific binding of OCIF can b ei§ calculated by 
subtracting th e amount that of non sp e cific the nonspecific binding from th ethat of total 
amount of bindin g of th e lab e led OCIF . The affinity of th e prot e in (for OCIF) of the 
present inv e ntion p rotein expressed on ^a cell membrane to OCIF can b e e valuat e d ig 



-9- 



assessed by cbaongducting the amount test with various amounts of the labeled OCIF and 
analyzing the amount of the specific binding by Scatchard plot. The detemiined affinity 
of the protein of the present invention tefor OCIF is approximat e l v about 100- to 500 pM. 
ft eThus, the protein of the present invention is sp e cifi e d identified byas a protein having 
such high affinity (the dissociation constant on cell m e mbran e : , the Kd =value, on a cell 
membrane is not larger than 1 0'^ M or l e ss ) to osteoclasto g e n e sis inhibitory factor ( for 
OCIF). The molecular weight of OBM can b e acc e ss e d is measured b y use of gel 
filtration chromatography, SDS-PAGE^ or the like. To measure the molecular weight 
more accurately, SDS-PAGE is pr e ferr e d in ord e r to accurat e ly d e t e rmin e th e mol e cular 
w e ight. Th e p referably used, and OBM is sp e cifi e d identified as a protein having a 
molecular weight of approximat e l v about 40,000 (40,000 ±± 4,000) xmder reducing 
conditions. 

The protein of the present invention can be obtained fi'om a.mouse 
ost e oblastic osteoblast-like stromal cell line, ST2, a^mouse pr e adipocvt efat cell Ime^strain 
PA6, or human ost e oblastic osteoblast-like cell lines, or eth^concentrated 
o s t e oblastic osteoblast-like cells s e l e ct e d obtained firom mammalians such as humans, 
mic e , or rats mouse and rat . Afr#b eAnd, substances that are required to induc e e xpr e ssion 
e fexpress the protein of the present invention , ost e otropic on these cells may be bone 
resorption factors such as the active-form of vitamin D3 (calcitriol), parathyroid hormone 
(PTH), interleukins (IL)-2l, IL— 6, IL-^11, Ooncostatin M, and leukemia inhibitor v cell 
growth inhibiting factor (LIF) can b e giv e n . Thes aAs for the amounts of these substances 
can b e add e d i n , it is desirable to use the concentration of 10 ^^active-form of vitamin 
D3 andor PTH) ? in an amount of 10" M: the IL-1 1 and the oncostatin M in amounts of 10 
ng/ml (IL 11), o r and 1 ng/ml (Oncostatin M). , respectively: and the IL-6 is pr e f e rably 
us e d at a conc e ntratio n in an amount of 20 ng/ml with 500 ng/ml of IL-6 soluble 
receptor. Pr e f e rably, conflu e nt it is preferable to use cells e fobtained by culturing mouse 
ost e oblastic osteoblast-like stromal cell line, ST2, cultur e d in ef-a^MEM m e dium to 
whie hcontaining 10" M of the active- form of vitamin D3, 10' M ef^iexamethasone^ and 
10%4etal bovine fetal serum w e r e add e d can b e us e d for at least one week until the cells 
become confluent . Theus cultured cells may b e can be removed and collected by scraping 
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wifeusing a cell scrape r or the like . Th eMoreover, the collected cells maycan be stored at 
-80^°C until use. 

The protein of the present invention can be purified efficiently firom tbea 
membrane fi-actions of the thus collected cells. The membrane firactions can be prepared 
b vin accordance with a conv e ntional conmion method which is us e d to pr e par e 
intrac e llular organ e lla. Various tvp e s used for fi-actionation o f prot e as e inhibitors may b e 
add e d to th e organelles. As a buffe r solution us e d for th e used in preparation of the 
membrane fi'actions fi'action, various protease inhibitors may be preferably added . 
Exampl e s IUustrative examples of ^le-protease inhibitors to be added include serine 
protease inhibitors, thiol protease inhibitors, and metalloprotease inhibitors —, such as 
PMSF, APMSF, EDTA, eO-phenanthroUne, leupeptine, pepstatin A, aprotinin ? and a 
soybean trypsin inhibito r ar e giv e ns as sp e cific e xampl e s . A Daimc e homog e niz e r To 
cmsh the cells , a polvtron D ounce homogenizen a polythoron homogenizer, an 
ultrasonicator or a ultrasonic proc e sso rt he like can be used to homog e niz e th e c e lls . The 
c e ll homog e nat e is crushed cells can be suspended in a buffer solution containing 0.5 M 
ef sucrose and centrifuged at 600 X g for 10 minutes at 600 x g, so as to separate tbecell 
nucleus! and undicruptshed cells as pr e cipitat e a precipitated fi-action . Th e sup e rnatant is 
c e ntrifug e d After further centrifugation at 150,000 X g for 90 minutes at 150,000 x g to 
obtain ^ a membrane fi-actions fraction can be obtained as pr e cipitat e a precipitated fi-action . 
ft eBy treating the thus obtained membrane fi-action is tr e at e d b v with various typ e s of 
d e t e rg e nts to e ffici e ntly solubiliz e and e xtract surfactants, the protein of the present 
invention #e mexisting on the cell membrane can be solubilized and extracted, efficiently . 
D e t e rg e nts For solubilization, various surfactants which are commonl y conventinally used 
to solubiliz e in solubilization of cell membrane proteins, such as CHAPS (3-[(3- 
cholamidopropyl)-dimethylammonio]-l- propanesulfonate), Triton X-100, Nikkol; and n- 
octvl glycosid e octvlglvcoside , can be used. Pr e f e rably, The protein of the present 
invention is preferably solubilized by adding 0.5% CHAPS is add e d to the m e mbran e 
ftaetie nprotein and agitating the mixture isat stirr e d 4°C for 2 hours at 4 X to solubiliz e 
th e prot e in of th e pr e s e nt inv e ntion . Th e sample By centrifiiging the thus prepared4s 
c e ntrifiig e d sample at 150,000 xX g for 60 minutes to obtain^ the solubilized membrane 
fraction can be obtained as a supernatant. 
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The protein of the present invention can be purified efficiently from the thus 
obtained solubilized membrane fraction-^wkb- a, using an OCIF-immobilized column, gel^ 
or resin coupled with OCIF . TheAs immobiliz e d the OCEF mayto be used in the 
immobilization, that isolated from athe culture brethsolution of human e mbryonic fetal 
lung fibroblasts, IMR-90, in accordance with a method described in WO 96/26217 or 
rOCIF pr e par e d usin g that obtained by genetic engineering t e chniqu e G (rOCIF) can be 
used . This rOCIF can be prepar e d obtained by introducin g incorporating the 
corresponding human-eBNA, rat or mouse cDNA, or rat cDNA into an expression vector 
according to in accordance with a conv e ntional common method, transducin g expressing 
the construct e d v e ctor in r OCIF with animal or insect cells such as CHO cells, BHK cells^ 
wand Namalwa cells, or in ins e ct c e lls to produce rOCIF, an d then purifying rOCIF it. 
Obtain e d The thus obtained OCIF ha sshows a molecular weight of approximat e l y about 60 
kDa (monomer-feH R type ) e rand a molecular weight of about 120 kDa (dimer-femi 
type) . TheA dimer-fe m type OCIF is preferabl e fo r preferably used in the 
immobilization. Giv e n as e xampl e s of th e g e ls and resins to whic hA s a gel or a resin for 
immobilizing OCIF is inmiobiliz e d ar e ^ ECH Sopharose SEPHAROSE® 4B, EAH 
Sopharoso SEPHAROSE® 4B, Tthiopropyl Sepharos e SEPHAROSE® 6B, CNBr- 
zactivated Sopharoso SEPHAROSE® 4B, activated CH Sepharos e SEPHAROSE® 4B, 
Bepoxy activated Sepharos e SEPHAROSE® 6B, activated thiol 
Sepharos e SEPHAROSE® 4B ( th e s e ar e manufactur e d b y products of Pharmacia Co.^ 
Ltd. ), TSKkgel AF-Bepoxv Tevepa lTOYOPAL 650, TSKkgel AF-Aamino 
TeyepalTOYOPAL 650, TSKkgel AF-Fformyl TeyepalTOYOPAL 650, TSKkgel AF- 
Ccarboxy Tevepa lTOYOPAL 650, TSf^cgel AF-Tresyl TeyepaiTOYOPAL 650 (these 
ar e manufactur e d by Tosoh Corporation products of Toso Co., Ltd. ). Aamino- 
CoUulofm e . CELLULOFINE™ Gcarboxv- Collulofmo CELLULOFINE™ , FMP activated 
Collulofmo CELLULOFINE™. Formvl C e llulofmo formvl-CELLULOFINE™ ( those are 
manufactur e d bv S e ikagalcu Kogvo products of Sei Kagaku Kougyo Co. , Ltd. ), 
Affigel -AFFIGEL 10, AfSge lAFFIGEL U^15 and Agjpre pAFFIPREP 10 (feese products 
of Bio-Rad Co., Ltd.) are manufactur e d by BioRad Co.) available . As colimms to 
wbieh Furthermore, as a column for inutiobilizing OCIF is immobiliz e d , HiTrap a 
HITRAP® NHS-activated column (Pharmacia Co ., Ltd .), TSKgel Tresyl-5PW (Tesefe 
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Corporation Toso Co.. Ltd. Vete r or the like can be giveHused. As a specific example of 
thea method for immobilizing OCIF to a HiTrap with the HITRAP® NHS-activated 
colunrn (1 ml, Pharmacia Co ., Ltd .), the following method can b e giv e n is presented . 
Spocificall v That is , 1 ml of 0,2 M NaHCOs/O.S M NaCl solution (pH 8.3) solution 
containing 13.0 mg of OCIF is inj e ct e d a pplied to the column and allowed to 
p e rform undergo a coupling reaction at room temperature for 30 minutes. Then, after 0.5 
M ethanolamine/0.5 M NaCl (pH 8.3) and 0.1 M acetic acid/0.5 M NaCl (pH 4.0) are 
s e qu e ntially applie d to th e column. Th e n , the colimm is again wash e d with respectivelv, 
0.5 M ethanolamine/0.5 M NaCl (pH 8.3) is applied again, and then the column is 
allow e d left to stand for on e hour at room temperatiu' e for 1 hour so as to Weekinactivate 
excess active groups. Th eThereafter, the column is s e qu e ntially washed twice with 0.5 M 
ethanolamine/0.5 M NaCl (pH 8.3) and 0.1 M acetic acid/0.5 M NaCl (pH 4.0), and then 
wasbe dreplaced with 50 mM Tris/1 M NaCl/O-rWJ.% CHAPS sehrtte nbuffer (pH 7.5)^ 
th e r e by obtaining a . Finally, an OCIF-immobilized column can be prepared. Using the 
prepared OCIF— immobilized column^-Tb e, gel or resin, the protein of the present 
invention can be e ffici e ntly p urified by a OCIF immobiliz e d column pr e par e d in this 
mann e r, or an OCIF inmiobiliz e d g e l or r e sin efficiently . lt is d e sirabl e to ad d To prevent 
the proteolysis of the protein of the present invention, the above various abov e m e ntion e d 
protease inhibitors may also be added to the buffer solutions used for th ein purification-ef 
th e prot e in to suppr e ss d e gradation of th e protein of th e pr e s e nt inv e ntion . Th e prot e in of 
th e pres e nt inv e ntion can b e purifi e d by loadin g After applying the above m e ntion e d 
solubilized membrane fi*action ento ^an OCIF-immobilized column or-by mixing the 
solubilized membrane fi'action with them OCIF-immobilized gel or resin^ and 
ekrti ngsubsequentlv stirring the mixture so as to cause the firaction to be adsorbed, the 
protein of the present invention can be eluted firom the OCIF-immobiUzed column, gel; or 
resin wit husing an acid, various protein ^denaturating agents, a^cacodylate buffer^ aador 
the like. It is desirabl e to us e an acid for e lution and to n e utraliz e imm e diat e ly aft e r 
e lution to To minimize denaturation of the protein of the present inventio n, it is preferable 
to neutralize the eluate immediately using a base . As the acidic an acid buffer solution 
used for elution, 0.1 M glycine-hydrochloric acid buffer solution (pH 3.0), 0.1 M glycine- 
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hydrochloric acid buffer solution (pH 2.0) ? and 0.1 M sodium citrate buffer solution (pH 
2.0) , and th e lik e can be giv^ used, for example . 

The purified protein of the present invention can be further purified by 
conv e ntional use of a method which is conventionally employed in purification m e thods 
us e d for purification of various of proteins fi-om biological mat e rials and b v samples, 
through various purification m e thods utilizin g operations taking advantages of the 
physicochemical properties of thise protein of the present invention . To concentrate 
solutions containin g a solution of the protein of the present invention, conv e ntional 
t e chniqu e s a method which is conventionally used in fe eprotein purification process-fer 
prot e ins such as ultra filtratio n , e.g.. ultrafiltration , freeze -dryings and salting-out, can be 
used. Ultra filtration P referably, ultrafiltration based on centrifugation with C e ntricon - 
CENTRICON^- 1 0 ( BioRa d Amicon Co. ) , for e xampl e , and the like is pr e f e rably used. 
A sFurthermore. as a means for th e purificatio n of purificiation . various 
t e chniqu e s methods conventionally utiliz e d for th e used in protein purification of prot e ins, 
such as using ion exchange chromatography, gel filtration chromatography, hydrophobic 
chromatography, reversed phase chromatography,-afitd preparative electrophoresis^aFe 
and the like can be used in combination. More specifically, it is possibl e to purify the 
protein of the present invention can be purified b y aconcombined combination use of gel 
filtration chromatography with Sup e ros e SUPEROSE®- 12 column (Pharmacia Co. . Ltd.) 
and the like and reverse phase chromatography. To d e t e ct Moreover, the protein of the 
present invention i nduring the purification process , th e bindin g can be detected by 
analyzing activity of th e prot e in of th e pr e s e nt inv e ntion to bind the immobilized 0CIF4s 
e xamin e d or th e mat e rial bound to th e immobiliz e d OCIF isb y immimo 
pr e cipitat e d precipitation of OCIF-binding substances with an anti-OCIF antibody and 
analvz e d foUowed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) analysis . 

The thus obtained protein of the present invention is useful , due to its activity, as 
an agent medicaments. e.g.. as agents for treating dis e as e s caus e d by abnormality of b one 
metabolism abnormality such as osteopetrosis^ or as a r e ag e nt for r e s e orch experimental 
and diagnosis of th e se dis e as e s diagnostic reagents . 

Th eFurthermore. the present invention fetbe rrelates provid e s to DNA 
e ncodin g which encodes a novel protein (OCEF- binding molecule-Of; OBM) which binds 
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te osteoclastogenesis inhibitory facto r (OCIF). prot e ins containing th e a protein having an 
amino acid sequence encoded by thise DNA, a method for th e pr e paration of this 
pFOtein geneticallv producing a protein which specifically binds OCIF by use of the 
g e n e tic e ngin ee ring t e chnique protein, and pharmac e utical compositions an agent for 
treating bone metaboHsm abnormahtv comprising thise protein. Furth e rmcH ^In addition , 
the present invention provid e s m e thods relates to a method for screening substanc e s to 
r e gulat e a substance which controls expression of OBM, a method for screening 
substanc e s inhibiting or modifying th e biological activity o f a substance which binds 
OBM and inhibits or modifies an effect thereof >-eF a method for screening r e c e ptors 
transducing th e action o f a receptor which binds OBM by binding to OBM and transmits 
an effect thereof , and pharmaceutical compositions which compris e s comprising a 
substances obtained as a result of fe ethese methods for screening. 

The novel protein OBM which is encoded by the DNA of the present invention 
hasshows the following physicochemical properties and biological activity. That is, (a) 
bind s the protein specifically tebinds osteoclastogenesis inhibitory factor (OCIF), (b) 
ha s the protein shows a molecular weight of approximat e l y about 40,000 4,000) 
wh e n as d e t e rmin e d measured by SDS-PAGE under reducing conditions^ an d shows an 
apparent molecular weight of approximat e l y about 90,000- to 110,000 when crosslinked 
tewitha monomer-fe mtype OCIF^; and (c ) e xhibits the protein has an activity supporting 
or promotin gt o support and promote differentiation and maturation of osteoclasts. 

Himian osteoclastogenesis inhibitory factor (OCIF) which is used as a probe te 
identi ^or assessing the properties of OBM in identification of the DNA encoding OBM, 
the-OCEF- binding molecule OBM of the present invention, and to e valuat e prop e rti e s of 
OBM can be isolated fi"om athe culture bfot bsolution of a-human e mbrvonic fetal lung 
fibroblast c e ll lin e fibroblasts , IMR-90, according to in accordance with WO Nor 
96/26217. R e combinan tF or isolation and identification of the DNA encoding OBM, 
recombinant human OCIF, recombinant mouse OCIF, recombinant rat OCIF^ and the like 
can also be used for th e isolation and id e ntification of the DNA coding OBM . Theise 
recombinant OCIF prot e ins can be produc e d obtained by ins e rtin g incorporating the 
corresponding DN A firagm e nts e ncoding th e s e prot e ins into an expression v e ctors 
according to conv e ntional m e thods vector in accordance with a commonly used method . 
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subsequentlv expressing iftOCBFwith animal or insect cells such as CHO cells, BHK 
cellsj efand Namalwa cells, or in ins e ct colls, and then purifying Siemit. 

As a m e thod M ethods for isolatin g cloning a cDNA e ncoding a which encodes the 
target protein (cDNA cloning) include , thea method comprising d e t e rmination the step s of 
determining a partial amino acid sequence of the protein and isolation o fi solating the 
target cDNA by hybridization utilizing th e b ased on a nucleotide sequence corresponding 
to the amino acid sequence can b e e mploy e d . Another availabl e method , e v e n in 
comprises the cas e wh e r e steps of constructing a cDNA library with an expression vector, 
regardless of whether or not the amino acid sequence of the protein is net-known, 
compris e s constructing a cDNA library in a expr e ssion v e cton subsequentlv introducing 
th e cDNAi t into cells, and then screening for the presence and absence of expression of 
the target protein teand isolateing the obj e ctiv e desired cDNA (e xpr e ssion cloning 
methedrD' Andrea era/.: Cell 57, 277- to 285, 1989; Fukunaga et al\ Cell 61, 341-_to 
350, 1990) (expression cloning method) . In the expression cloning method, suitabl e host 
c e lls such as bact e ri a bacterial , yeast, animal cells^ and the like are selected d e p e nding on 
th e obj e ctiv e . In many cas e s, animal c e lls ar e s e lect e d and used as-fee host cells 
fe raccording to the purpose. For cloning a^cDNA e ncoding a which encodes a p rotein 
such as th e prot e in of th e pr e s e nt inv e ntion which is considered to be-present i non the 
surface of animal cell membrane sxu-fac e . Normall v as in the present invention , 
bes tanimal cells showin g are often used as hosts. Furthermore, hosts with high efficiency 
for introducing DNA transf e ction and achi e ving e xpr e ssion o f expressing the introduced 
DNA at high l e v e ls are s e l e ct e d conventionally used . One of such animal the cells having 
such characteristics is thea monkey kidney eeHs cell line , COS-7, used in the present 
invention. B e oaus e Since SV40 large T antigen is expressed in flie-COS-7 cells, plasmids 
having a plasmid which has a r e plicator of S V40 ean-b eorigin of replication are present in 
the cell as a nmulticopy episome of multipl e copi e s in th e cell , so that a high l e v e l 
e fwherebv higher expression i sthan usual can be expected. In addition M oreover , b e caus e 
e xpr e ssion of a targ e t prot e in by COS 7 c e lls r e ach e s a since the maximum expression 
level is reached w ithin a few days after the introduction of DNA, th e c e ll is COS-7 cells 
are suitable for rapi dquick screening. Ahi combination of this host c e ll with a plasmid 
capabl e suitable effor high expressio n e nsur e s g e n e expression o f , this host cell enables an 
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extremely high level of gene expression . The promoter is a factor e xhibiting th e gr e at e st 
influ e nc e on th e e xpr e ssion o f a g e ne on a plasmid i swhich has the most significant 
effects on the amount of gene expression. As a promote r. Promot e rs such as SRa 
suitable for high level of expression. SRa promoter and cytomegalovirus-derived 
promoters are often used as high e xpr e ssion promoters . ^ Screening s^^eemnethods for 
cloning the cDNA e ncoding of athe membrane protein by-fe einclude expression cloning 
strat e gy , scr ee ning proc e dur e s such as binding method, panning method^ erand film 
emulsion method ar e us e d . 

The present invention relates to DN A e ncodin g , which encodes the protein 
(OBM) which specifically binds te-QCIF , isolat e d (OBM), obtained by thea combination 
of the expression cloning strat e g ym ethod an d th e scr ee ning by the binding method, te-the 
protein expressed prot e i n therewith , and tea screening of phvsiologicall y a biologically 
active substances usingwith the DNA or the e xpr e ss e d protein. OBM encoded by the 
DNA of the present invention can be detected by labeling OCIF and testin gsubsequently 
examining the binding activity of the labeled OCIF to m e mbran ethe surface of an animal 
cell membrane . OCIF can be labeled by a conventional method for labeling 
methe dprotein such as labeling with a radioisotope lab e ling m e thod or fluorescentee 
labeling m e thod which . An example of labeling OCIF with radioisotope is us e d for ^^^I 
labeling common prot e in s .Lab e ling at tyrosine residues-by- I can b e giv e n as a , and 
specific e xampl e of labeling OCIF with a radioisotop e . Lab e ling m ethods such as th e 
iodog e n e include lodogen method, chloramine T method^ and enzymatiee method can b e 
utiliz e d . The binding activity o f thus labeled OCIF to th e surface of an animal cell 
membrane surfac e can be tested assessed in accordance with a commonly used method. 
Furthermore, an amount of nonspecific binding can be measured by conv e ntional 
m e thods. Th e additio n adding 100 to 400 times excess amount of unlabeled OCIF to the 
medium us e d for th e t e st to a conc e ntration, 100 to 4 00 tim e s th e conc e ntration of lab e l e d 
OCIF, e nabl e s quantification of th e amount of non - sp e cific b indin g experiment . The 
amount of specific binding of OCIF can b eig calculated by subtracting that of the amount 
of non sp e cific n onspecific binding fi-om that of the total amount of b indin g of th e lab e l e d 
OGff. 
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Th e pr e s e nt inv e ntors B ased on an assume dption that th e r e is int e raction b e tw ee n 
thea facto r, which is involved in differentiation of osteoclasts and OCIF. Bas e d on this 
assumption , to isolat e th e prot e in to which r e combinant interacts with OCIF binds , the 
inventors have screened feean expression library prepared from the mRNA of a_mouse 
ost e oblastic osteoblast-like stromal cell line, ST2, according to with recombinant OCIF in 
accordance with the following method in order to separate the protein which binds OCIF . 
Sp e cifically, DNA synthesized ^sin gfrom the mRNA of ST2 mRN A cells was inserted 
into an expression vector for an animal ee fecell and th e v e ctor with th e ins e rt was 
introduced thev were transduced (transfected) into COS-7 monkey kidney COS 7 cells. 
The obi e ctiv e Using I-labeled OCIF as a probe, the target protein expressed on the 
COS-7 cells was screened using OCIF lab e l e d with ^ as a prob e. As a result, DNA 
e ncodin g which encodes the protein which binds that specifically tebinds OCIF was 
isolat e d. Th e could be separated, and then the nucleotide sequence of the DNA 
e ncodin g which encodes this OCIF- binding molecule (OCIF- binding molecule; OBM) 
was Sien-determined. Mor e ov e r Furthermore , it has been fovmd that OBM encoded by 
thise DN A was found to bin d strongly and specifically and strongly to binds OCIF^ on the 
cell membrane. 

Comparativ e l y An example of DNA hybridization under relatively mild conditions 
for hybridization of DNA in the present invention ar e th e conditions, for e xampl e , 
wh e r e i n is that after DNA is transferred to a nylon membrane and immobiliz e d th e r e to 
according to conv e ntional m e thods an d fixed in accordance with a common method, it is 
hybridized in a buff e r solution fo r with a radio-labeled DNA as a probe in a hybridization 
with a prob e DNA lab e l e d with an isotop e buffer a t a t e mp e ratur e of 40- to 70°C for about 
2 hours to ovemight, follow e d by and then washmged4 n with 0.5 *X SSC (0.075 M 
sodium chloride and 0.0075 M sodiimi citrate) at 45°C for 10 minutes. Sp e cificall y More 
specifically , Highbond after DNA is transferred and fixed to a nylon membrane, 
HYBOND® N (Amersham Co. ) is us e d as the nylon m e mbran e to transf e r and 
immobiliz e DNA th e r e on , Ltd .-BNA ), in accordance with a conventional method, it is 
then hybridized with a prob e DNA ^^P- labeled with- ^DNA as a probe in a rapid 
hybridization buff e r Rapid Hybridization Buffer (Amersham Co ., Ltd .) at 65°C for 2 
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hours, follow e d by and then washiaged with 0.5 ?eX SSC (0.075 M sodium chloride and 
0.0075 M sodium citrate) at 45°C for 10 minutes. 

AAs a representative in vitro culture system for osteoclastogenesis, a co-culture 
system of mouse -derived ost e oblastic osteoblast-like stromal eeUscelUine, ST2, and 
mouse spleen cells in the presence of the active-form of vitamin D3 or PTH is well known 
as a typical in vitro cultur e syst e m for ost e oclast - formatio n. Th e prot e in OBM of the 
present invention is sp e cifi e d as th e identified as a protein which is induc e d specifically 
induced on th e ost e oblastic stromal c e lls an osteoblast-like stroma cell cultured in the 
presence o f an ag e nt which acc e l e rat e s bone resorption factors such as an active-form of 
vitamin D3 erand PTH. In addition F urthermore . becaus e of th e fact that formation 
e fsince osteoclasts formation is stimulated by th e addition o f adding the protein encoded 
by the DNA of the present invention to a culture system of mouse spleen cells cultur e d 
even in the absence of the active-form of vitamin D3 or PTH, OBM which is encoded by 
the DNA of the present invention is considered to be involved in the-differentiation and 
maturation of osteoclasts. 

R e combinan t A recombinant OBM can be produced by inserting the DNA of the 
present invention into an expression vector so as to construct p repare a plasmid for 
expressing OBM, an d then introducing and expressing the plasmid intein various cells 
microorganisms to e xpr e ss r e combinant OBM and microbial strains . A s a host in which 
r e combinant OBM is e xpr e ss e d, mammalianian cells such as COS-7, CHO, Namalwa^^ 
bact e ria suc h and the like can be used as mammalian hosts cells for expression, and 
Escherichia coli (E, coli) and the like can be used as bacterial host cells for expression . 
In such a case, the recombinant OBM mavcan be expressed as a membrane-bound-ferm 
protein using the-flill length of DNA or as a secretkmrv-fenft type or asolubihzed-type 
(soluble-fe^ mtype) protein by removing a part of the portion D NA encoding #iea 
transm e mbran e membrane-binding domai n fi-om the full length . Theus produced 
recombinant OBM can be purified efficiently purifi e d using a suitabl ein combination 
e fwith conventional methods used in protein purification m e thods us e d for common 
prot e ins, such as affinity chromatography using an.OCIF-immobilized colxmms, ion 
exchange chromatography, and-gel filtration chromatograph y and the like . Th e thus 
obtained protein of the present invention is usefii l due to its activity, as an 
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agefi tmedicaments. e.g., as agents for treating dis e as e s caus e d by abnormality of bone 
metabolism abnormality such as osteopetrosis or as a r e ag e nt for r e s e arch and diagnosis 
of such dis e as e s as experimental or diagnostic reagents . 

The following scr ee ning operations can b e carri e d out using th e p rotein OBM 
encoded by the DNA of the present invention enables : (1) screening of substanc e s a 
substance which r e gulat e controls expression of OBM^; (2) screening of substanc e s a 
substance which specifically bind4ebinds OBM and inhibi tinhibits or modifies the 
biological activity of OBM^; and (3) screening of prot e ins a protein (OBM receptor) 
which ar e pr e sent in ost e oclast exists on a precursor eeH scell of osteoclasts and 
transdue emits the biological activity of OBM ; and ( OBM r e c e ptor 4) . It is also possibl e to 
develo p as well as developments of antagonists and agonists using this OBM receptor. In 
fee combinatorial chemistry using the above m e ntion e d OBM or OBM receptor, a 
peptide library us e d for th e scr ee ning of th e antagonists required to identify an antagonist 
or agonists can be prepared b yin accordance with the following m e thod. Sp e cifically, 
on e of th e specific methods . One of them is _a split method (Lam et al ; Nature 354, 82- to 
84, 1991). According to fo this method, synthetic carriers (beads) e ach comprising a 
sp e cific amino acid (unit) are bound th e r e to ar e pr e par e d to amino acids (units), separately 
for all units . Th e synth e siz e d carri e rs Then, these synthetic beads are mixed 
altog e th e r together and divided into portions^ equal te-fee-number of the-units . Th e n , fee 
n e xt imits ar e and then bound T to the subsequent units. This proc e dur e is r e p e at e d "B y 
repeating this operation n - times to produc e ^ a library containing carri e rs to in which -n- 
units are bound r to the carriers is prepared. According to this synthetic m e thod, e ach 
carri e r pool has one typ e o f Such an operation allows the synthesis of only one sequencer 
per one group of the carriers. Th e r e for e Hence , it is possibl e to id e ntify a p e ptid e 
sp e cifically binding to th e prot e in of th e pr e s e nt inv e ntion by s e l e cting th e pool which 
giv e s a signal when a positive carrier group is selected in fei ssaid method for screening 
m e thod usin gb y use of the protein of the present invention^ and d e t e rmini i ^hen the 
amino acid sequence eM ^thereof is determined, a specifically binding peptide bound on 
th e pool can be identified . Anoth e rA s another method^ isa phage display method which 
utiliz e s phag e carryin g can be used. In this method, synthetic DNA which e ncod e genes 
encoding random p eptides with random amino acid s e qu e nc e s are expressed using phage . 
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¥he While this method has thean advantage of incr e asing th e that it can archive a larger 
number of molecules in tfeea library as compar e d with than the above m e ntioned synthetic 
p e ptid e librar y m e thod , bu tit also has thea disadvantage that the kind of loss variotv for a 
giv e n numb e r o fp eptides per molecules is not as varied because th e r e can b e 
particula r peptides having sequences which ar e missin g that phages don't prefer do not 
exsist in the librar y if the phag e s ar e unabl e to e xpress thos e s e qu e nc e s , hi the phage 
display method, as in the case of the split method, using a screening system ttsin gwith the 
protein of the present invention can also b e appli e d to d e t e rmin e th e nucl e otid e s e qu e nc e 
e ncoding th e p e ptid e . That is ,-the phage specifically binding to th e prot e in of th e pr e s e nt 
inv e ntion is thereto are concentrated by panning , th e s e l e ct e d . Thus obtained phage isare 
amplified in Esch e richia^ colU and further, the nucleotide sequence encoding the peptide 
is determined. Li addition F urthermore , when it is desired that a specific p eptide 
e xhibiting high sp e cificity and h aving high affinity tefor OBM or OBM receptor can b eis 
screened fi-om a peptide library using the screening syst e ms m e ntion e d svstem of the 
above ifl-(2) «idor (3) , a specific peptide having a very high affinity can be obtained by 
screening a positive carrier or phage in the co-presence of OBM or OCIF whil e 
incr e asing th e or OBM with a change of concentration of OBM or OCIF. Only positiv e 
carri e r pools or phag e s ar e s e l e ct e d in this mann e r . For example, screening of a peptide 
agonist of low molecular weight p e ptid e agonists e xhibitin g having an EPO 
( e rythropoi e tin) like activity w e r e scr ee n e d from a varied p eptide library using a r e c e ptor 
e fwithan erythropoietin (EPO) which is a hematopoietic hormone ) receptor , the 
terti ^analvsis of a three-dimensional structure thereof, and the production of thisa 
substance was analyz e d, and bas e d on this t e rtiary structur e , (agonist) of low ^molecular - 
weight substanc e s (antagonist) e xhibiting th e having an EP04ike activity w e r e 
svnth e siz e d through synthesis of organic chemical compounds based on the three- 
dimensional structure has already been successfiil (Nicholas et al : Science, 273, 458- to 
463, 1996). 

Th e pres e nt Furthermore, the inventors have previously discov e r e d using th e 
ost e oclastog e n e sis inhibitory factor, OCIF, found that an OCIF binding a protein binding 
OCIF is specifically expressed on ost e oblastic an osteoblast-like stromal cell line, ST2, 
which was cultured in the presence of a ost e otropic b one resorption factors such as the 
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active- form of vitamin D3 erand parathyroid hormone (PTH) , using osteoclasto genesis 
inhibitorv factor (OCIFy Th eMoreover, the inventors feffee rhave found that thise 
protein e xhibits a biological activity to support or stimulat e , which is associated with 
differentiation or maturation o f ost e oclasts from immature osteoclast precursor cellsr^ 
clarifi e d various to osteoclasts and maturation thereof, has a biological activity as a factor 
which supports and promotes so-called differentiation and maturation of osteoclasts. 
After purification of the protein, the physicochemical properties and-the biological 
activity of this prot e in by purification ther e of. the protein were examined. In ord e r to 
oompar e The inventors have compared the physicochemical properties and biological 
activity of the recombinant protein QBM e xpr e ss e d b y expressing the DNA of the present 
invention aad -with those abov e m e ntion e d of a purified natural itype protein which 
specifically binds te-OCEF , th e pres e nt inv e ntors inv e stigat e d th e physicoch e mical 
prop e rti e s and biological activiti e s of th e two prot e ins in order to clarify differences 
between them . As a result, th e two prot e ins w e r e confirm e d (D to b ethey have found that 
(1) each of both proteins is a membrane-bound proteins whiehand specifically bind 
tebinds OCIF , @ to hav e : (2) they shared a molecular weights of approximat e l y about 
40,000 d e t e rmin e d as measured by SDS-PAGE^; and @{3} te they have an apparent 
molecular weights of about 90,000- Jg.1 10,000 when cross linlc e d crosslinked tewith a 
monomer-^OH H-type OCIF . Not only ar e th e s e , which indicates that they have very 
similar physicochemical properties id e ntical, but both prot e ins e xhibit a biological . An 
activity to support e rand stimulat e p romote differentiation erand maturation of osteoclasts 
was also shared by them as well. Therefore , sugg e sting the possibility that fees eboth 
proteins are th e sam e prot e i ni dentical was suggested . In addition Furthermore , a rabbit an 
anti-OBM rabbit p olyclonal antibody produc e d using the purifi e d prot e in p repared by 
e xpr e ssin g with the protein (recombinant QBM), which was genetically expressed with 
the DNA of the present invention by a g e n e tic e ngineering t e chniqu e (r e combinant OBM) 
was confirm e d to and then purified, has cross r e act with the abov e d e scrib e d r eactivity to 
the purified natural typ e prot e in, to inhibit sp e cific type protein obtained by the above 
method and specifically inhibited the binding of this purifiod between said natural ^type 
protein and OCIF in th e sam e mann e r , just as th e antibodyi t inhibits specific binding 
e fbetween OBM and OCIF. Bas e d on F rom these results, it is ele^obvious that the 
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recombinant protein QBM expressed bywith the DNA of the present inv e ntion is 
identical to the natural ^type protein which specifically binds te-OCIF. 

To iGolat e Furthermore, for isolating a gene (cDNA) e ncodin g that encodes a 
human -derived OCDF- binding protein molecule (hereinafter eaHedreferred to as " hvunan 
OBM") which specifically binds te-OCIF and e xhibits has ^an activity to support and 
stimulate promote differentiation and maturation o f ost e oclasts from mouse spleen cells m 
th e sam e moim e r to osteoclasts and maturation, just as the natural rtype or the 
recombinant mouse OBM dos e , a cDNA library pr e par e d from mRNA d e riv e d from 
human lymph nod e s was scr ee n e d using a human OEM cDNA fragm e nt as a prob e . Th e 
human OBM cDNA fragm e nt was obtain e d b v does, the inventors have carried out a 
polymerase chain reaction (PGR) in accordanc e with th e m e thod m e ntion e d using primers 
prepared based on the above using both m ouse OBM cDNA pr e par e d fro m and human 
lymph node -derived cDNA as a template and th e prim e r which was pr e par e d from mous e 
. Thus, the inventors have screened said cDNA library with the obtained human OBM 
ePN AcDNA fragment . As a result, they have succeeded in isolation of the cDNA 
e ncodin g which encodes the hxmia n-derived protein which specifically binds te-OCIF 
wa s(human isolat e d OBM) and determination of the nucleotide sequence of th esaid cDNA 
e ncoding this human OCIF - binding protein mol e cul e (i. e . th e cDNA e ncoding human 
OBM) was d e t e rmin ed. Similar to mous e OBM. this Thev have found that human OBM 
encoded by the cDN A has charact e ristics to bind to OCIF strongly and specifically binds 
OCIF on thea cell membrane and e xhibits th e h as a biological activity to support and 
promote differentiation and maturation o f ost e oclasts from mouse spleen cells to 
osteoclasts and maturation thereof, just as mouse OBM does . Sp e cificall v That is . other 
objects of the present invention provid e s are to provide: (1) DNA e ncodin g which 
encodes hxmian OBM which is a novel human-^B M-derived protein which binds-te 
osteoclastogenesis inhibitory factor (OCIF);; a protein which poss e ss e s th e having an 
amino acid sequence encoded by the DNA;} {2)_a method fo r genetically producing thea 
protein exhibiting charact e ristics o f which specifically binding to binds OCIF and feehas 
m activity to support and promote differentiation and maturation o f ost e oclasts from 
mouse spleen cells to osteoclasts and maturation thereof by g e n e tic e ngin ee ring 
t e chniqu e s, pharmac e utical compositions comprising this prot e i n use of the DNA: (3) an 
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agent for the treatment of dis e as e s caused by abnormality o ft reating bone metabolism^ 
abnormality comprising the protein: (4) a method for screening substanc e s r e gulating a 
substance which controls expression of human OBM^; £5)_a method for screening 
substanc e s a substance which inhibit binds human OBM and inhibits or modulat e th e 
activity of human OBM by binding to it, modifies an effect thereof; (6) a method for 
screening r e c e ptors a receptor which bind4ebinds human OBM and transmit th e action of 
QBM rtransmits an effect thereof: and (7) a pharmaceutical compositions comprising ^a 
substances obtained b vas a result of these scr ee nings methods for screening . 

The present invention furth e r provid es relates to DNA e ncodin g which encodes 
human OBM, a novel human OB^protein^ which specifically binds te-OCIF and 
e xhibits has thea biological activity to support and promote differentiation and maturation 
of osteoclasts^; a protein which poss e ss e s th e having an amino acid sequence encoded by 
the DNA,; a method for genetically p roducing thea protein e xhibiting charact e ristics 
e fwhich specifically binding to b inds OCIF and fe ehas an activity to support and promote 
differentiation and maturation of osteoclasts by g e n e tic e ngin ee ring t e chniqu e s, with the 
DNA: and pharmac e utical compositions comprising this prot e i n an agent for th e tr e atm e nt 
of dis e as e s causing abnormalit y-e ftreating bone metabolism abnormality comprising the 
protein . Furthermore, the present invention provid e s also relates to a method for 
screening substanc e s r e gulatin g a substance which controls expression of human OBM^; a 
method for screening substanc e s a substance which mhibi tbinds human OBM and inhibits 
or modulat e th e activity of human OBM by binding to it, a m odifies an effect thereof: a 
method for screening r e c e ptors binding to human OBM and transmitting th e action of 
OBM, antibodi e s agains t a receptor which binds huma n OCIF binding prot e in, OBM and 
transmits a biological activity of OBM: a pharmaceutical compositions comprising a 
substance obtained as a result of these antibodi e s methods fo r screening: an antibody to 
the pr e v e ntion hxmian-derived OCIF binding protein: and an agent for preventing and/ or 
tr e atm e nt of dis e as e s causing abnormalit y-e ftreating bone metabolism abnormality using 
the antibody . 

The novels huma n-derived OCIF- binding protein molecule ^, human 0BM4 
which is^ encoded by the DNA of the present invention ha sshows the following 
physicochemical properties and biological activity. That is, (aVbind s human OBM 
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specificall v binds to osteoclastogenesis inhibitory factor (OCIF) (WO 96/262 17)7i.(b) 
ha s human OBM shows a molecular weight of approximat e l v about 40,000 5,000) 
whenas d e t e rmin e d measured by SDS-PAGE under reducing conditions and shows an 
apparent molecular weight of approximat e l v about 90,000- to 110,000 when crosslinked 
with a monomer-jw m-type OCIF,; and (c) e xhibits human OBM has a biological activity 
to support and stimulat e promote differentiation and maturation of osteoclasts. 

Mous e OBM The cDNA which e ncod e s encoding mouse OBM, mouse-derived 
OCIF- binding protein and us e d , useful as a probe tefor isekrt eseparating and identifying 
the cDNA e ncodin g which encodes himian OBM of the present invention, can be isolated 
according to th e abov e m e ntion e d m e thod from a cDNA library of a^mouse 
ost e oblastic osteoblast-like stromal cell line, ST2. Hum mFurthermore, human 
osteoclastogenesis inhibitory factor (OCIF) which is n e c e ssar y , required to 
e valuat e examine the properties and fee-biological activity of the protein obtained by 
e xpr e ssion o f expressing human OBM cDNA, can be pr e par e d according to th e m e thod 
d e scrib e d in WO 96/26217 bv isolatin g isolated from athe culture bre fesolution of human 
fibroblast c e ll lin e , IMP strain IMR -9Q ?90 in accordance with the method described in 
WO 96/26217, or bv g e n e tic e ngin ee ring t e chniqu e s usin g it can be geneticallv produced 
with the DNA encoding OGff it. R e combinant himian OCEF To examine the properties 
and biological activity of human OBM, recombinant humOCIF , recombinant mouse 
OCIF, recombinant rat OCIF; erand the like can also b e used for th e ass e ssm e nt of th e 
prop e rti e s and biological activity of human OBM . These recombinant OCIFs can be 
obtained according to conv e ntional m e thods b y ins e rting cDN A incorporating the 
corresponding cDNAs into an-expression veete rvectors in accordance with a commonly 
used method , expressing th e cDNA OCIFs in animal or insect cells such as CHO cells, 
BHK cells; O f and Namalwa cells, or in ins e ct c e lls, and purifying th e e xpr e ss e d 
prot e ins them . 

Th e following m e thods can b e us e d to isolato M ethods for isolating the human 
cDNA e ncodin g which encodes the target protein (cDNA cloning V include: ®(1) Aa 
method comprisin g the steps of purifying the protein, determining thea partial amino acid 
sequence of th e prot e in thereof , and isolating the target cDNA by a.hybridization using 
the with DNA fragm e nt having comprising a nucleotide sequence corresponding to the 
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amino acid sequence as a probe, @ (2) a method appli e d e v e n in th e cas e wh e re th e amino 
acid G e quenc e fexpression cloning method) comprising the steps o f th e prot e in is not 
Icnown, which compris e s constructing a cDNA library iawith aan expression vector, 
regardless of whether the amino acid sequence of the target protein is unknown, 
introducing th e cDNA librar v them into cells, and screening for the presence and absence 
of the expression of the target protein so as to isolate the obj e ctiv e target cDNA 
( e xpr e ssion cloning m e thod), ; and @ (3) a method of isolating the cDNA e ncodin g which 
encodes the target human protein from bv the hvbridization or polvmerase chain reaction 
(PCR) method from cDNA library constructed «singfrom human cells or tissu e s by 
hvbridizatio n tissue or by th e us e of polym e ras e chain r e action (PCR) u sing-fee cDNA 
e ncoding th e w hich encodes a protein of mammalian origin ( derived from a mammal 
other than himia n) which poss e ss e s and having the same charact e ristics properties and 
biological activity as-tb eof the hxmian-derived target protein of human origin as a probe^ 
assuming that th e cDNA prob e has , based on an assumption that the cDNA which 
encodes the non-human protein shares high homology with th e human origin cDNA 
whie h that which encodes the desired corresponding human protein to be cloned. 

Based on the assumption that hxmian QBM cDNA has a high homology with m 
assumption that human OEM cDNA is highly homalogous with the above mouse OEM 
cDNA, it is possibl e to d e t e rmin e which h imian cells or tissues produc eing human OEM 
can be identified by Northern hybridization method using the latter ( mouse-OEM) cDNA 
as a probe. Human OEM cDNA can be cloned as follows. A human OEM cDNA 
fragment is obtained by th e following m e thod using th e t hrough PCR using mouse OEM 
prim e r pr e par e d from th e p rimers prepared based on the mouse OEM cDNA and the 
cDN A. Human OEM cDNA fragm e nts can b e pr e par e d by th e PCR m e thod using cDNA 
pr e par e d from library of a cell or tissue which produces human OEM producing tissu e s 
such as (e.g., a human lymph nede snode) as identified above, as primers and a template^ 
respectively . These himian OEM cDNA fragm e nts ar e us e d as prob e s for scr ee ning 
fe eThe cDNA library o f human OEM producing cells or tissues which were produce 
human OEM as identified according to th e m e thod m e ntion e d above is screened with the 
human OEM cDNA fragment as a probe, and thus, human OEM cDNA can be obtained . 
The present invention relates to the DNA e ncoding himian OEM which has 
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charact e risticG of specific binding to obtained DNA that encodes human OBM. a human- 
derived protein which specifically binds OCEF and e xhibits has biological activity to 
support and promote differentiation and maturation of osteoclasts. B e caus e Since 
thehuman OEM which is encoded by the DNA of the present invention is a meambrane- 
bound type-protein which compris e s having a transmembrane domain, this protein it can 
be detected by labeling OCIF and by e xamining th e then binding-ef the labeled OCIF to 
the surface of an animal cells in which the cDNA of the present invention wasis 
expressed. The abov e d e scrib e d hi such a case, OCIF can be labeled by a method which 
is conventinallv used for labelin g m e thod usin g protein such as labeling with a 
radioisotope or fluor e sc e in e conv e ntionally appli e d to and fluorescence labelin g prot e ins 
can b e us e d for lab e ling OCIF . 

The molecular weight of the protein expressed by the-human OBM cDNA of the 
present invention can b e acc e ss e d is determined by gel filtration chromatography, SDS- 
PAGE^ erand the like. In ord e r to accurat e lv To determine the molecular weigh t more 
accurately , it is d e sirabl e to us e th e SDS-PAGE m e thod is preferably used , by which and 
human OBM wasis sp e cifi e d identified as a protein having a molecular weight of 
approximat e l y about 40,000 (40,000 ^ 5,000) under reducing conditions. 

Comparativel y An example of DNA hybridization xmder relatively mild conditions 
for hybridization of DNA in the present invention ar e th e conditions, for e xampl e , 
wh e r e i n is that after DNA is transferred to a nylon membrane and immobiliz e d th e r e to 
fixed in accordtangce4 e with a conv e ntional commonlv used method-m d, the DNA is 
hybridized with another radiolabeled DNA as a probe DNA lab e led with an isotop e in a 
buff e r solution for hybridizatio n buffer at a t e mp e ratur e of 40 -^ to 70^C for about 2 hours 
to overnight , follow e d by washing in and then washed with 0.5 ?eX SSC (0.075 M sodixmi 
chloride and 0.0075 M sodium citrate) at 45°C for 10 minutes. Sp e cificall y More 
specifically , Highbon d after DNA is transferred and fixed to a nylon membrane, which is 
HYBOND® N (Amersham Co. , Ltd.) is us e d as , in accordance with a conventional 
method, the nylon membran e to transf e r and inmiobilizo DNA th e r e on. Th e DNA is 
fe^ tPNA is hybridized with another ^^P-labeled DNA as a probe DNA lab e l e d with ^ 
in a rapid hybridization buff e r Rapid Hybridization Buffer (Amersham Co ., Ltd .) at 65 °C 
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for 2 hours, followed by and then washiftged with the above 0.5^X SSC at 45°C for 10 
minutes. 

AAs a representative in vitro cultxu'e system for osteoclastogenesis, a co-culture 
system of mouse -derived ost e oblastic osteoblast-like stromal eeUscelUine, ST2, and 
mouse spleen cells in the presence of the active-form of vitamin D3 or PTH is well knovra 
as a typical in vitro cultur e syst e m for ost e oclast formation . Int e raction by adh e sion of 
ost e oblastic For promoting osteoclasto genesis in this in vitro culture system, both the 
interaction between a osteoblast-like stromal cells and a_spleen eell scell through their 
binding, and the presence of an ost e otropic b one resorption factors such as the active- 
form of vitamin D3 e^and PTH are indisp e nsabl e for th e ost e oclasts formation in this in 



capability to support ost e oclasts forma tie ftcell strain, resulting from spl ee n c e lls in th e 
abs e nc e of an ost e otropic factor wh e n the expression of the cDNA of the present 
invention was expr e ss e d as ost e oblastic thereon, has obtained an ability to support 
osteoclast formation from spleen cells, just like the osteoblast-like stromal cell line ST3 
di d2, while COS-7 cells (a monkey kidney-derived cell line) does not have an ability to 
su pport osteoclast formation in the absence of said bone resorption factors . Bas e d on th e 
fact that Furthermore, since the cDNA of the present invention encodes a membrane- 
bound p rotei n comprising a transm e mbran e domain form , thise ^N Aprotein can be 
expressed as a secretjonry-jer m-type or solubilized form b v tvpe protein after removing 
the pa rtfragment which encodes this transm e mbran e the membrane binding domain 
thereof . It wa shas also been confirmed that osteoclast ogene sis can b e form e d was 
promoted simply by adding the addition of th e s e cr e tion form secretory-tvpe himian OBM 
to the abov e - m e ntion e d in vitro culture system in the absence of ost e otropic said bone 
resorption factors. Bas e d on F rom these results, the-himian OBM which is encoded by the 
cDNA of the present invention is sp e cifi e d identificd as feea factor involved in the 
differentiation and maturation of osteoclasts. 

A r e combinant Recombinant human OBM can be pr^aroduced by inserting the 
cDNA of the present invention into an expression vecto r, pr e parin g so as to prepare a 
plasmid for expressing human OBM e xpr e ssion plasmid, and then introducing and 
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expressing the plasmid «rtein various ee Hcells and strains and e xpr e ssing OBM in th e 
eeHs. Mammalianian c e lls such as COS-7, CRC h and Namalwa cells , or bact e ria such 
and the like can be used as Esch e richia m ammalian host cells suitable for expression, and 
K coli and the like can be used as abacterial host for expr e ssing OBM cells . Li thiose 
cases, recombinant human OBM naaycan be expressed as a membrane-bound-ferm 
protein? by using the full length of DNA? or as a secretkntrv-leH fttvpe or solubilized- 
fe mtvpe protein by removing a region which encodes the part e ncoding th e 
transm e mbran e membrane binding domain. i^ ^Thus produced recombinant human OBM 
thus produc e d can be purified efficiently purifi e d using a suitable in combination ef-wiht 
conventionall y purification used methods used-for common p urifying proteins such as 
affinity chromatography using OCIF ^immobilized columns or a column , ion exchange 
chromatography, and-gel filtration chromatograph y and the like . tfeaa nThus obtained 
human OBM of the present invention thus obtain e d is usefii l due to its activity, as a 
medicament e.g., as an agent for treating dis e as e s caus e d by abnormality of b one 
metabolis m abnormality such as osteopetrosis or as aan experimental and diagnostic 
reagent for r e s e arch and diagno s is of such dis e as e s . 

The following scr ee ning op e rations can b e carri e d out using th e human OBM 
protein-OBM encoded by the DN A cDNA of the present invention enables : (1) screening 
of substanc e s a substance which can r e gulat e controls expression of htunan OBM^; 
(2) screening of substanc e s a substance which specifically bind4 ebinds human OBM and 
inhibits or modifyies the biological activity of human OBM?: and (3) screening of a 
human prot e ins protein (himian OBM receptor) which ar e pr e s e nt exists in ost e oclasts 
precursor ee fecell of human osteoclasts and transmits the biological activity of human 
OBM (human OBM receptor). It is also possibl e to d e v e lop antagonists , as well as 
development of antagonist and agonists using this human OBM receptor. In-the 
combinatorial chemistry using the above human OBM or human OBM receptor, a 
peptide librari e s r e quir e d library, which is employed for th e sor ee nin g identification of 
antagonists an antagonist or agonists agonist, can be produc e d b v prepared in accordance 
with the same method as us e d for th e scr ee ning using the mouse OBM. AAfter screening 
the peptide with e xtr e m e l y library by said method in which human OBM is used instead 
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of mouse OBM, a specific peptide having very hig h specificity and affinity can be 
obtained by scre e ning p e ptid e librari e s using human OBM inst e ad of mous e OBM . 

Although this OBM is v e r y Furthermore, for measurement of OEM, a highly 
usefiil a sprotein m e ntion e d described above and antibodi e s , it is necessary to obtain an 
antibody which specifically recognizinges OBM and establish an enzyme immunoassay 
using th e s e antibodi e s ar e indisp e nsabl e in d e t e rmination of OBM conc e ntrationi t 
However , no antibodiesy useful for th e acc e ss measurement of OBM conc e ntration 
havehas been se^af-available. In addition M oreover , an anti-OBM antibody or anti ■ 
/sOBM antibody which neutralizes the biological activity of OBM or sOBM is 
suppos e d assumed to suppress thean activity of OBM or sOBM , sp e cifically th e activity 
to induee promote osteoclasts formatio n. Th e s e ^ Meand expected to be usefirideveloped 
as th e rap e utic ag e nts to tr e at abnormality o f an agent for treating bone metabolism 
abnormality . However, ne-such antibodi e s hav e so fa r an antibody has not been available. 

In vi e w of this situatio nU nder that circumstance , the pr e s e nt inventors have 
conduct e d e xt e nsiv e made intensive studies . As a r e sult, th e pr e s e nt inv e ntors and have 
found antibodies (anti-OBM/sOBM antibodies) which recognize both QBM of the 
following antigens , a membrane-bound protein (OCIF binding molecule: OBM) which 
specifically binds te-osteoclastogenesis inhibitory factor (OCIF)^ and a soluble -type 
OBM (sOBM) which lack a transm e mbran e lacking the membrane binding domain. 
Accordingl y Therefore , objects of the present invention provid e s antibodi e s are to provide: 
(1) an antibody (anti-OBM/sOBM antibodiesy) which recognizes both ^B Mof the 
following antigens , a membrane-bound protein (OBM) which specifically binds to 
osteoclastogenesis inhibitory factor (OCIF)^ and soluble OBM ( sOBM which lack a 
transm e mbran e ) lacking the membrane binding domain; (2) a method for fee 
pr e paration production thereof; j[3}_a method for d e t e rmination of m easuring OBM and the 
sOBM conc e ntrations using th e s e antibodi e s b y use of said antibody ; and ag^rt s(4) an 
agent for th e pr e v e ntion p reventing and/ or tr e atm e nt of dis e as e s resulting fi'om 
abnormality of t reating bone metabolism abnormality which comprises said antibody as 
an active ingredient . 

The present invention relates to antibodi e s : (1) an antibody (anti-OBM/sOBM 
antibodiesy) which recognizes both of the QB Mfollowing antigens , a membrane-bound 



-30- 



protein (OCIF binding molecule: OBM) which specifically binds te-osteoclastogenesis 
inhibitory factor (OCIF)^ and_a soluble -type OBM (sOBM) which lack a 
transm e mbran e lacking the membrane binding domain; {2Xa method for tibe 
pr e paratio np roduction thereof; (3) a method for quantifyin g measuring OBM and the 
sOBM using th e s e antibodi e s bv use of said antibody : and ageHt s(4) a pharmaceutical 
compisition comprising said antibody as an active ingredient, particularly, an agent for 
th e pr e v e ntion p reventing and/ or tr e atm e nt of dis e as e s r e sulting from abnormality 
eftreating bone metabolis m abnormality . Th e antibodi e s 

An antibody of the present invention ^Aib kis an antibody which has an activity 
of n e utralizing th e to neutralize osteoclastogenesis acc e l e ratin g promoting activity^ which 
is thea biological activity that OBM and sOBM have, said antibody has any of OBM and 
sOBM and compris e s th e antibodi es having the following characteristics properties :^^ a) _a 
polyclonal antibody which recognizes both mouse OBM and mouse sOBM antigens 
(anti-mouse OBM/sOBM polyclonal antibody)^b) jLpolyclonal antibody which 
recognizes both human OBM and human sOBM antigens (anti-hixman OBM/sOBM 
polyclonal antibody)^i_c) _a.monoclonal antibodiesy which recognizes both mouse OBM 
and mouse sOBM antigens (anti-mouse OBM/sOBM monoclonal p olyclonal 
antibodiesy);{i.d) _a.monoclonal antibodiesy which recognizes both human OBM and 
human sOBM antigens (anti-human OBM/sOBM monoclonal polyclonal antibodiesy)^; 
and( e) an anti-human OBM/sOBM monoclonal antibodiesy which crossr e act has 
crossreactivity to both mouse OBM and mouse sOBM antigens . 

The polyclonal antibody which recognizes both mouse OBM and mouse sOBM 
antigens (hereinafter eaUed -referred to as " anti-mouse OBM/sOBM polyclonal 
antibody") and the polyclonal antibody which recognizes both human OBM and human 
sOBM antigens (hereinafter eaUed -referred to as " anti-human OBM/sOBM polyclonal 
antibody^) w e r e produc e d can be obtained by the following m e thod m eans . TfeeA purified 
mouse OBM us e d as an antigen for immunization can be obtained according to in 
accordance with the above- m e ntion e d method. Esp e ciall y That is , natural-type mouse 
ost e oblastic OBM can be obtained by treating a mouse osteoblast-like stromal cell line, 
ST2, was tr e ated w it h the active-form of vitamin D^^s and OBM o n subsequentlv 
purifying it from the cell m e mbran e was purifi e d using an m embranes of said cell by 



-31 - 



means of OCIF- immobilized on a column and gel filtration chromatograph y, th e r e by 
obtaining natural mous e OBM (nativ e OBM) . ft eAltemativelv, after incorporating the 
above m e ntion e d mouse OBM cDNA ( S e qu e nc e Tabl e . S e qu e nc e No. SEQ JD NO: 15) 
or hiunan OBM cDNA ( S e qu e nc e Tabl e , S e qu e nc e SEQ ID No rNO: 12) was ins e rt e d into 
an expression vecto r according to conv e ntional m e thods. R e combinant mous e OBM 
(S e qu e nc e Tabl e, S e qu e nc e ID No. 1) and r e combinant human OBM (S e qu e nc e Tabl e , 
S e qu e nc e ID No. 11) can b e obtain e d by expressing ePN AOBM in an animal eeHsor 
insect cell such as _a CHO cells,_a BHK cells, Namalwa^ or_a COS-7 c e lls, ins e ct o e lls cell 
or Esch e richia E , colU and then p urifying th e m using by the same purification 
m e thods m ethod as m e ntion e d described abov e. Th e s e , recombinant mouse OBM (SEP 
ID NO: 1) or recombinant hxmian OBM (SEP ID NO: 11) can be obtained, and these 
may also be used as antigens for immunization. faAt this instanc e time , purifvin g it takes 
tremendous effort to highly purify a large amount and a high l e v e l quantity of mouse 
PBM or human PBM which ar e ^ membrane-bound prot e ins is a task r e quiring a gr e at 
d e al of labo r protein (OBM) . On the other hand, as m e ntion e d abov e , OBM whic h it has 
been confirmed that there is no difference in ability to promote differentiation and 
maturation of osteoclasts between OBM, a membrane-bound protein^ and-a soluble -type 
OBM (sOBM)i which is a soluable protein obtained by deleting transm e mbran ethe 
membrane binding domain of OBM ar e Icnown to b e almost th e sam e in th e ir ost e oclast 
diff e r e ntiation and maturation activiti e s as described above . It is possibl e to 
us eAccordingly, taking into accoimt that expression and high purification of mouse 
sOBM and human sOBM-^whieh are relatively e asily e xpr e ss e d and purifi e d to a high 
leve leasy , these sOBMs, solubilized proteins, may be used as antigens for immunization. 
Mouse sOBM ( Sequ e nc e Tabl e , S e qu e nc e SEP ED No rNO: 16) and human sOBM 
( S e qu e nc e Table, Soquonco SEP ID No rNO: 17) can be obtained by adding a nucleotide 
sequence e ncodin g , which encodes a known signal sequence originatin g derived firom fee 
other s e cr e tion protein in the secretory-type proteins, 5' upstream sid e of the 5' e nd of, 
r e sp e ctiv e ly, mouse sOBM cDNA ( S e qu e nc e Tabl e , Sequenc e SEP ID Ne rNO: 1 8) midor 
the human sOBM cDNA ( Sequ e nc e Tabl e , S e quenco SEO ID NorNO: 19), inserting 
thes eincorporating the cDNA into an expression vector by th e us e of g e n e tic in 
accordance with the same gene engineering t e chniqu e s, causing th e s e prot e ins to b e 
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e xpr e ss e d in host c e lls such as various method as described above, expressing the protein 
in a variety of animal cells, insect cellsj or Esch e richia fil col i as a host , and then p ixrifying 
th e r e sultant products . Th e antig e ns Thus obtained antigen for immunization thtis 
obtain e d ar eis dissolved in aphosphate buffered saline solution (TBS) and, if necessary , 
mixed with tfeean sam eequal volimie of Freund's complete adjuvant to e mulsify and 
emulsified. Then, an animal is immunized with the solution if r e quir e d, and 
subcutan e ouslv administ e r e d to animals about onc e emulsion through a w ee k to immuniz e 
th e s e animals several few times of subcutaneous administration with a one-week interval 
between each . A boost e r inj e ction is giv e n wh e n th e The antibody titer is measured. 
When the value r eaches a-maximum . Exsanguinatio n , booster administration is 
performe d. On the 10 days aft e r ^^ day from the booster administration , all the blood was 
collected . The rosultin g obtained antiserum is freated fractionated and precipitated with 
ammonium sulfate pr e cipitation. Ig G , and the globulin fraction is purified usingwith an 
anion exchange chromatography or the antiserum is diluted twice with Binding Buffer 
(Bio-Rad Co., Ltd.) and the diluted antiserum is p urified by pProtein A- or pProtein G- 
S e pharos e SEPHAROSE® (Pharmacia Co., Ltd.) column chromatograph y aft e r diluting 
th e antis e rum two fold with Binding Buff e r™ (BioRad Co . ^ Thereby , to obtain the 
desired anti-mouse or anti-human OBM/sOBM polyclonal antibod y can be obtained . 

The monoclonal antibodiesy of the present invention can be obtained according 
teby the following method. In th e sam e mann e r That is, as in th e cas e of th e polyclonal 
antibodi e s, an antigen for immunization required to prepare the monoclonal antibody, a 
natural -type mouse OBM (nativ e OBM),^ recombinant mouse or himian OBM, or 
recombinant mouse or human sOBM can be used^ as immimog e ns to prepar e monoclonal 
antibodi e s used in preparation of the above polyclonal antibody . Hybridomas ar e 
produc e d according to conventional m e thods by immunizin g Lymphocytes derived from 
immunized mammals with fees eeach antigens or that obtained b y immunizing 
lymphocyt e s in vitro and fusing th e immuniz e d c e lls methods are fused with_a myeloma 
eell scell line, and hybridomas are prepared in accordance with a conventional method . 
By analyzin g From the hybridoma culture sup e rnatant thus obtain e d of this hybridoma, a 
hybridoma producing an antibody which recognizes each antigen is selected by-« solid - 
phase ELIS A m e thod, antibody producing hybridomas r e cognizing th e , using each highly 
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purified antigen are s e l e ct e d . The r e sulting obtained hybridomas-^ is cloned^ and 
e stablish e d as a thus obtained stable antibody-producing hybridoma clon e s. Th e s e 
hybridomas are is cultured to obtain . The target antibody can be obtained therefrom. For 
preparation of the antibodi e s. Small manmials h ybridoma, immunizing a mammal, a 
small animal such as mie ea mouse or fatsrat, afeis commonly used to produc e 
hybridomas . Animals ar e immunized by intrav e nously or intrap e riton e ally inj e cting th e 
antig e n dilut e d to a suitabl e conc e ntration using a suitabl eTo immunize the animal, a 
method comprising the following steps is conventinally used: diluting the antigen with an 
appropriate solvent such as physiological saltine solutio n. Optionall y to an appropriate 
concentration and then administering the solution and , if necessary, co-administering 
Freund's complete adjuvant mayb e us e d tog e th e r with antig e n , into vein (i . Th e s e ar e 
usually ini e ct e d v.) or the abdominal cavity (i.p.), about 3- or 4 timesT-ene e in total with a 
1 to 2- week or ev e ry two w ee ks interval between each . The immunized animals ^js 
dissected thr ee days on the 3*^^ day after fmalthelast immunizatio n. Spl e nocyt e s , and 
spleen cells are obtained from the r e mov e d isolated spleen- ^ and used as immunocytes 
{immunized cells). A slllustrative examples of mouse -derived myeloma te-be -for cell 
fusedion with immuniz e d c e lls. the immunocytes include p3/x63-Ag8, p3-Ul, NS-1, 
MPC-1 1, SP-2/0, FO^FO, P3x63 AgS.6S ^8. 653 and S 19 4 can b e giv e n. 194. 
AFurthermore, illustrative examples of rat-derived cells include cell lines such as R-210 
is giv e n as th e c e ll of rat origin. 210. Human antibodi e s ar e produc e d by immimizin g For 
producing human antibody, himian B lymphocvt e s lvmphocyte cells are immunized in 
vitro and fusing th e immuniz e d c e ll s fiised with human myeloma cells or a cell line 
transformed wifeby EB virus. Th e fiision F usion of thean immunized c e ll s and cell with a 
myeloma c e lls can b e carri e d out cell line is performed according to a conv e ntiona lk nown 
methods such as th e m e tho d that of Koehler and Milstein et <3/. (Koehler et etirzaL: Nature 
256, 495-49?- f to 497. 1975)4:- ^. while an electric pulse method using an electric pulse 
ismay also applioabl e b e used . Immunized lymphocvt e s lvmphocyte cells and myeloma 
eefe cell lines are mixed together at a ratio conventionally acc e pt e d ratio used and fused 
in an FCS fr ee (f e tal common bovine fetal serum (FCS) -free4 medium for cell culture 
m e dium with an addition o fi n which polyethylene glycol is added. Then , and 
cultur e d culture is carried out in-aft FCS-containing HAT selectienve medium so as to 
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select a_fused cells (hybridomas). N ^Then , hvbridom as which produc e producing 
an antibodiesy-^wefe is selected by using a conv e ntional antibody d e t e ction commonly 
used method for detecting antibody such as-aft ELIS A,-a plaque t e chniqu e , Oucht e rlony 
method, ouchterlony method or aggr e gatio n condensation metho d. Thereafter , te 
e stablish stabl e hvbridomas a hybridoma is established . The hybridomas established m 
this wa v hybridoma can be subcultured by a conv e ntional common method for culture 
m e thod or and can be stored by fr ee zing as r e quir e d in a frozen state if necessary . AThe 
hybridoma e mrmy be cultured b vin accordance with a conv e ntional conventionallv used 
method to coll e ct th e cultur e sup e matant or implant e d transplanted in the abdominal 
cavity of mammals to obtain the mammal. The antibod y can be collected from the ascitic 
flw dresulting culture solution or ascites, respectively . The antibody in the culture 
GUp e matan t solution or ascitic fluid ascites can be purified by a conv e ntional commonly 
used method such as _a salting -ou t method , ion exchange an dchromatography, gel 
filtration chromatography, or pProtein A or pProtein G affinity chromatography. 
Almost all the m onoclonal antibodies obtained by the above-described method using 
sOBM as an antige n are antibodies which can specifically recognize not only sOBM but 
also OBM ( such antibodi e s ar e hereinafter ealted -referred to as " anti-OBM/sOBM 
monoclonal antibodi e s antibody'') . These antibodies can be used for th e quantification of 
OBM or sOBM. Th e amounts measurements of OBM and sOBM can b e quantifi e d by 
lab e lin g . After these antibodies are labeled with a radioisotope or an enzyme and by 
applying th e lab e l e d antibodi e s thus employed to a quantification svst e m m easurement 
systems known such as aas radioimmunoassay (RIA) or e nzym e immunoassay and 
enzyme immunoassay (EIA) , an amount of OBM and sOBM can be measured thereby . 
Usin gBy use of these quantification m easurement systems, tfeean amount of sOBM in a 
biological living sample such as blood or urine can be d e t e rmin e d measured with ease 
a tand with high sensitivity. In addition, th e Furthermore, by use of these antibodies, an 
amount of OBM bindin gb ound to the surface of a tissue or surfac e of c e lls cell can be 
measured through a binding assay or the like with ease a tand with high sensitivity 
utilizing a binding assay using th e s e antibodi e s . 

When a nthe obtained antibody is used as a medicamentie for himians, it is 
desirable-te-us e, in consideration of a problem of antigenicity, that a human-type anti- 
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human OBM/sOBM antibod y in vi e w of antig e nicit y is prepared . The human-type anti- 
human OBM/sOBM antibody can be prepared according to by the following methods 
@, or @ . In th e m e thod © That is , (1) human Ivmphocvteo coU e ct e d lvmphocvte cells 
extracted from human peripheral blood or the^spleen are immuniz e d sensitized in vitro 
with an antig e n h uman OBM efor human sOBM in vitro as an antigen in the presence of 
IL-4 . Th e r e sulting immuniz e d 4 , and then the sensitized human Ivmphoovt e s lvmphocvte 
cells are fused with K^He/Bs (ATCC CRL1823X which is a hetero ^hybridoma of mouse 
and human, mtd therebv, a hvbridoma producing the desired antibody is screene d to obtain 
th e obj e ctiv e . An antibod y producing hybridoma. Th e antibodi e s produced by th e 
r e sulting antibody producing hvbridomas ar e from the obtained hvbridoma is a h uman z 
type anti-human OBM/sOBM monoclonal antibodiesy. Th e antibodi e s 
n e utralizin g Among these antibodies, an antibody which neutrahzes the activity of himian 
OBM/sOBM aFeis selected from th e s e antibodi e s . However, in g e n e ral, it is usually 
difficult to produc e obtain an antibod y e xhibiting having h igh affmity4e for an antigen by 
fe ethrough such a method of immunizin g sensitizing human Ivmphoovt e s lvmphocvte cells 
in vitro. Therefore, in ord e r to obtain for obtaining a monoclonal antibodiesv-with - having 
high affinity tefor human OBM and sOBM, it is necessary to incr e as e the affinity of th e 
human typ e modify an anti-himian OBM/sOBM monoclonal antibodi e s obtain e d by 
fe eantibody with low affinity as described above m e thod. This can to be don e according 
to th e following m e tho d that with high affinity . First, aA random mutation is introduced 
into a^CDR region ( particularly CDR^B regje nin particular ) of asaid human-type anti- 
human OBM/sOBM monoclonal antibody which n e utraliz e OBM but hav e a with low 
affinit y, and malc e th e which a neutralizing antibody obtained as described above. This is 
expressed with phage to expr e ss prot e in . Phages which-e^ strongly bind te-human 
OBM/sOBM whieh as the antigen are selected hy-A phage display method using plat e s 
e na plate in which human OBM/sOBM antig e ns ar eis immobilized. The s e l e ct e d phag e s 
ar e grown phage is allowed to proliferate in Esch e richia g^ co/zV-Th e, and the deduced 
amino acid sequence of the CDR which e xhibits having high affinity is determined 
fr^ based on the nucleotide sequence of th e DNA clon e d in th e phag e thereof . The thus 
obtained DNA e ncodin g gene which encodes the human itype anti-human OBM/sOBM 
monoclonal antibodiesy is introduced into incorporated and expressed in a 
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commonl v conventionallv used expression vector for mammalian cells to produc e , and 
then human-type anti-human OBM/sOBM monoclonal antibodies can be obtained. 
Among them, the desired human ^type anti-himian OBM/sOBM monoclonal antibodi e s. 
Th e targ e t human typ e anti human OBM/sOBM monoclonal antibodi e s e xhibiting high 
affinity and capabl e of n e utralizin g antibodv which neutralizes the biological activity of 
human OBM/sOBM and has high affinity thereto can be selected fi^om th e s e monoclonal 
antibodi e s . In the m e thod © Furthermore , mous e typ e anti human OBM/sOBM 
monoclonal antibodi e s ar e produc e d according to th e sam e m e thod as in th e pr e s e nt 
inv e ntion (2) using BAJ^aBalb/c mouse , an anti-human OBM/sOBM mouse monoclonal 
antibody is prepared according to a conventinally used method (Koehler et a/.r-^Nature 
256, 495-49 ? to 497, 1975) as in the present invention , and a.monoclonal antibodiesy 
which can n e utralize neutralizes the biological activity of human OBM/sOBM and 
e xhibitin g has high affinity Metheretojs selected. Th e s e high affinity mous e anti human 
OBM/sOBM monoclonal antibodi e s can b e conv e rt e d into human typ e using th eBy 
CDR- grafting tochniquo method (Winter and Milstein: Nature 349, 293- to 299. 1991) 
by implanting its , that is a method in which a CDR regions (CDR-1 , 2 and 3) of the anti- 
human OBM/sOBM mouse monoclonal antibody with high affinity are transplanted into 
the CDR regions of human Ig G. a humanized antibody can be obtained . In th e m e thod 
^Moreover , (3) human peripheral blood Ivmphocyt e s lymphocyte cells are 
implant e d transplanted into a severe combined immime deficiency (SCID) mouse. 
B e caus e th e implant e d Thus transplanted SCID mouse em produces produc ea human 
antibodiesy (Mosier D. ^^et al: Nature 335, 256- to 259, 1988t: Duchosal M. A. et 
al: Nature 355, 258* to 262, 1992) , lymphocyt e s which can produc e th e hiunan 
monoclonal antibodi e s having sp e cificity to human OBM/ sOBM can b e coll e ct e d by 
scr ee ning SCID mous e immuniz e d . The cells are sensitized with human OBM or sOBM 
as an antigen and screened . Th e resulting lymphocyt e s Thereafter, a lymphocyte cell 
which produces a human-type monoclonal antibody specific to human OBM/sOBM can 
be extracted fi:om the mouse. Then, as in the case of the above method for preparing a 
human-type antibody (1), the obtained lymphocyte cells are fiised with Y^^(/Qs (ATCC 
CRL1823) which is a h e terohybridom a , a hetero hvbridoma of mouse and human, 
according to and then the obtained hybridomas are screened. Then, a hybridoma which 
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produces the target human-type monoclonal antibody can be obtained. By culturing the 
thus obtained hybridoma, the proc e dur e d e scrib e d abovo for th e target huma n antibodi e s 
in th e m e thod ®. Th e resulting hybridomas ar e scr ee n e d to obtain hybridomas which can 
produc e th e obj e ctiv e huma n type monoclonal antibodi e s. Th e thus obtain e d hybridomas 
ar e cultur e d to produc e antibody can be produced in large quantities. After purifying 
them in the same manner as described above, large amounts of th e obj e ctiv e human 
monoclonal antibodi e s. Th e antibodi e s pure products thereof can be purifi e d by th e 
abov e m e ntion e d purification m e thod. obtained. In addition, it is possibl e to 
produc e Furthermore. a recombinant huma n-type monoclonal antibodi e s antibody can be 
produced in large amounts quantities by constructing a cDNA library from fee said 
hybridoma which can produc e produces the obj e ctiv e human monoclonal antibodi e s to 
obtain a g e n e (cDNA) e ncoding th e obj e ctiv e target human-type monoclonal antibodi e s 
b vantibody, clonin g the cDNA which encodes the target human-type monoclonal 
antibody , inseco rpora ting this g e n e said cDNA into am suitabl e appropriate expression 
vector by using g e n e tic e ngin ee ring t e chniqu e s gene engeneering , and expressing the 
monoclonal antibodi e s antibody in host c e lls such as various a variety of animal cells, 
insect cells^ or Esch e richiag l coli - as a host. A larg e amounts of pxuifi e d human 
monoclonal antibodi e s can b e obtain e d by purifying fi-om th e r e sultin g After purifaction 
of the antibody fi-om said culture sup e matant by th e purification m e thods m e ntion e d 
abev eaccording to the method as described above, a large amout of pure human-type 
monoclonal antibody can be obtained . 

Th e antibodi e s which can n e utraliz e Among the anti-OBM/sOBM monoclonal 
antibodies obtained by the above method, moreover, an antibody which neutralizes the 
biological activity of OBM/sOBM can be obtaine d from th e anti OBM/sOBM 
monoclonal antibodi e s produc e d according to this m e thod . -TheThese antibodies which 
neutralize the biological activity of OBM/sOBM are expected to b e us e ful as 
medicaments, particularly agents for th e tr e atment p reventing and/ or pr e v e ntion 
e ftreating bone metabolism abnormalit y b e caus e of th e ir capability of bloclcing in vivo^ 
since they can inhibit the biological action (an activit y of OBM/sOBM, sp e cifically th e 
capability of pr e v e nting th e inductio n to promote osteoclast formation ) of OBM/sOBM in 
a living body . The activity of the anti-OBM/sOBM antibodiesy to neutralize the 
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biological activity of OBM or sOBM can be mcasurod by d e t e rmining th e determined as 
m activity to suppr e ss inhibit osteoclast formation in thean in vitro system for examining 
osteoclast formation . Sp e cificall y As in vitro assay systems , the following three methods 
can be used. That is, in vitro culture systems for examining osteoclastogenesis cultur e 
syst e m can b e giv e n include : ® (IjLa co-culture system of a,mouse ost e oblastic osteoblast- 
like stromal cell sfrmline, ST 2 c e lls, !, and mouse spleen cells in the presence of the 
active-form of vitamin D3 and dexamethasone^; @(2) a co-culture system comprising in 
which OBM e xpr e ssin g is expressed on a monkey kidney cell stmftline, COS-7, 
immobilizing th e OBM e xpr e ssing c e lls and fixed with formaldehyde, and culturing 
mous e spl ee n c e lls on thoso then mouse spleen cells are cultured on the cells in the 
presence of M-CSF , and ® a cultur e syst e m of mous e spl ee n c e lls : and (3) a system of 
culturing mouse spleen cell in the presence of recombinant sOBM and M-CSF . Th e ; 
however, other systems can be also used. When an anti-OBM/sOBM antibody is added 
to such a culture system in various concentration and its effect on osteoclastogenesis- 
inhibitor y is examined, an activit y of th e anti OBM/sOBM antibodi e s can b e m e asur e d 
by adding th e anti of the anti -OBM/sOBM antibodi e s at various conc e ntrations to th e s e 
cultur e syst e ms and inv e stigating th e ir e ff e cts on ost e oclast formation. Th e antibody to 
inhibit osteoclastogenesis inhibitory can be measured. Also, the activity-^ of the anti- 
OBM/sOBM antibodi e s can also b e e valuat e d by m e asuring th e i r -OBM/sOBM antibody 
to inhibit osteoclastogenesis can be determined as an activity to suppress bone resorption- 
inhibitory activity utilizin g in vivo using an experimental animals in vivo. Esp e cially, 
ovari e ctomizod animal mod e l is giv e n as an . That is, there is an animal model^with 
progr e ssive osteoclast formation. Th e ost e oclastog e n e sis inhibitory activity of th e anti 
OBM/sOBM antibodi e s can b e d e t e rmin e d by administering the , an overiectomized 
mouse, in which osteoclastogenesis is increased. An anti OBM/sOBM antibodi e s to such 
-OBM/sOBM antibody is administered to such a kind of experimental animals and 
e valuating th e suppr e ssion o f animal, and an activity to inhibit bone resorption-4a r (an 
activity to reinforce b on e mineral densit y incr e asing activity ) is measured. Thereby, an 
activity of the anti-OBM/sOBM antibody to inhibit osteoclastogenesis can be determined . 

The tfetts-obtained antibodies capabl e of neutralizin g antibody, which neutralizes 
th e OBM/sOBM biological activity af eof OBM/sOBM is useful i nas a medicament. 
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particularlv as a pharmaceutical compositions, particularly pharmac e utical compositions 
to pr e v e nt composition for preventing and/ or treating bone metabolism abnormality^ or as 
antibodi e s for an antibody used in immunological diagnosis of such dis e as e s a disease . 
The pr e parations antibodv of the present invention can be prepared in a formulation, and 
administered orally or parenterally. A formulation comprising the antibodiesy of the 
present invention can b eis administered e ith e r orally or non orally. Such pr e parations 
can b e safely administ e r e d to himians or animals as a_pharmaceutical 
compositions composition comprising the antibody which contain th e antibodi e s 
r e co gnizin g reco gnizes OBM and/or sOBM as an active compon e n t ingredient . As th e 
ferm sIUustrative examples o f the formulation of the pharmaceutical composition^ 
inj e ction ag e nts including intrav e nous include injectable solutions such as drip, 
suppository-ag^rt s. nasogastric agent , sublingual ag e nts, p e rcutan e ous absorption 
ag^ feagent and transdermal egent. Since the lik e ar e giv e n. B e caus e m onoclonal 
antibodi e s ar e macromol e cul e prot e ins, th e y not only r e adily adh e r e antibody has a high 
molecular weight, its adsorption to-a glass containers such as-a vial Of-aand syringe tube 
is significant. Furthermore , but also ar e the antibody is unstable and easily d e natur e d 
b vinactivated due to various physicochemical factors such as heat, pH, erand himiidity. 
Th e r e for e Thus . to stably formulate the pr e parations should b e stabiliz e d by the addition 
of stabiliz e rs antibody. stabilizer . pH adjusters, buff e ring ag e nts b uffer . solubilizing 
agents, or d e t e rg e nts surfactant and the like are added thereto . A sIUustrative examples of 
the stabiliz e rs. stabilizer include amino acids such as glycine and alanine, saccharides 
such as dextran 40 and mannose, and sugar alcohols such as sorbitol, mannitol^ and 
xylytol can b e giv e n x ylitol . These stabiliz e rs may be used e ith e r individually or in 
combinations of two or more. Th e amount o f These stabilizers to b e add e d is are 
preferably fte madded in an amount which is 0.01 to 100 times, particularly pr e f e rably 
from 0.1 to 10 times, as much as the amoun t weight of the antibody. TbeBy addition of 
these stabilizers^ incr e as e s the storage stability of liquid pr e parations formulation or 
lyophiliz e d products thoroo f freeze-dried formulation can be improved . Phosphat e buff e rs 
and citrat e buff e rs ar e given as lllustrative examples of th e buff e ring ag e nts b uffer include 
phosphate buffer and citricate buffer . The buff e ring ag e nts not only adjus t buffer adjusts 
the pH of th e liquid pr e parations or an aqueous solutions obtain e d by r e formulation or a 
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reconstituted solution of freeze dissolving th e Ivophiliz e d products th e r e o f dried 
formulation , but also inor e as e and thereby contributes to the stability and solubility of the 
antibod y therein . It is d e sirabl e to add th e buff e ring agent in an The amount to malc e 
#em of the buffer is preferably, for example, 1 m^to 10 mM conc e ntration of th e liquid 
pr e paration or of th e in an aqueous formulation or a reconsituted solution pr e par e d from 
th e Ivophiliz e d product of freeze-dried formulation . Polvsolbat e The surfactant is 
preferably polysorbate 20, PuUuronic PLURONIC® (BASF Co., Co.) and 
polyethylene glycol ar e given as exampl e s of the det e rg e nt. particularly pr e f e rr e d 
e xampl e is Polvsolbat e SO. p referably polysorbate 20. These d e t e rg e nts may be used 
e ith e r individually or in combinations of two or more. Macromol e cul e prot e ins such as A 
protein having high molecular v^eight like an antibody is e a s ily adh e r e liable to adsorb to 
glass contain e rs or resin, which a container is made of . Adh e r e nc e to contain e rs However, 
by addition of a surfactant adsorption of the antibody in a liquid pr e paration or to a 
container in an aqueous formulation or a reconsituted solution pr e par e d by r e of freeze - 
dissolving a Ivophiliz e d product dried formulation can be prevented by adding such 
d e t e rg e nts at a conc e ntration from . The surfactant is preferably added in an amoxmt of 
0.001 to 1.0% of the weight of an aqueous formulation or a reconsituted solution of 
freeze-dried formulation . The pr e parations formulation comprising the antibodiesy of the 
present invention can be obtain e d p repared by adding stabiliz e rs addition of the stabilizer , 
buff e ring ag e nts, or ag e nts which prev e nt b uffer and adsorptio n-preventing agent as 
described above . Wh e n th e pr e parations ar e Particularlv, when it is used as inj e ction 
agents an injectable formulation for m e dication m edical applications or fe rtreating 
animals, such inj e ction ag e nts should pr e f e rably have an acceptable osmotic pressure ratio 
e fis preferably 1 teor 2. The osmotic pressure ratio can be adjusted by increasing or 
decreasing th e amoimt of sodium chloride wh e n malcing th e pr e parations in formulation . 
The amount content of anthe antibody in athe pr e paration formulation can be suitably 
adjusted d e p e nding a ppropriately, dependent on the disease to be treated with said 
formulation , rout e of administration - route and the like. AThe dose of athe human -type 
antibod y administered to humans may b e changed dcp e ndin g depends on the affinity of 
the antibody to human OBM/sOBM, e sp e oially, that enis^ the dissociation constant (Kd 
value) of the anbibody to human OBM/sOBM. The higher the affinity is (o r the lower 
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the Kd value is), the smaller the Kd valu e ), th e l e ss th e dose that is required to be 
administ e r e d to humans to obtain a c e rtai n exhibit medicinal e ff e ct benefits . Becaus e a 
human typ e antibody has a lon g Furthermore, since the half-life time of human-type 
antibodies in human b lood efis about 20 days, it is suffici e nt to administ e r i tt he human- 
type antibody can be administered to humans atin a dose of about 0.1- to 100 mg/kg at 
least once or mor e in a within 1- to 30 day p e riod days, for example . 

BRIEF DESCRIPTION OF THE DRAWINGS 

FigttFeFig. 1 shows the results of SDS-PAGE of mouse OBM protein of Example 
3 of the present invention obtain e d in Exampl e 3. . wherein: 
<Explanation of symbols> 

(A) : Lane 1: Mmolecular weight mark e rs marken 

Lane 2: A partially purified sampl e ( fraction eluted with Gly-HCl (pH 2.0) e lution 

fraction) obtain e d , which was derived from ST2 cells cultured in the presence of the 
active-form of vitamin D3 and dexamethasoner^ 

Lane 3: A partially purified sampl e ( fraction eluted with Gly-HCl (pH 2.0) e lution 

fraction) obtain e d , which was derived from ST2 cells cultured in the absence of the 
active-form of vitamin D3 and dexamethasoncr^ 

(B) : Lane 1 : Mmolecular weight mark e rs marken 

Lane 2: ^fcnouse OBM protein (Example 3) of the present invention aft^ 

purification by r e v e rs e purified with reversed phase high performance liquid 
chromatograph y (Exampl e 3) . 

FigureFig, 2 shows the results of-ftie binding assa vexperiment of the ^^^I ^labeled 
OCIF to ost e oblastic an osteoblast-like stromal cells, ST2, in Example 4, 

FigureFig. 3 shows the osteoclast ogenesis formation capabilit y -supporting 
abctivity of ost e oblastic osteoblast-like stromal eaU scell line, ST32^ #emwith different 
g e n e rations passage numbers, in Example Sd V, wherein: 
<Explanation of symbols^ 

1 : Abilit y osteoclasto genesis-supporting activity of ST2 cells from abou tw ith a passage 
number of around 10^ subcultur e to support ost e oclast formation. 's. 
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2:^AMtit v osteoclasto genesis-supporting activity of ST2 cells from abou t with a passage 
number of around 40 ^ subcultur e to support ost e oclast formation ^. 

FigweFig. 4 shows a^change with th e passage of tim e in expression of the protein 
of the present invention on th ean osteoblast-like stromal cell membrane of ost e oblastic 
stroma l said cells were cultured in the presence of ^active- form of vitamin D3 and 
dexamethasone . with passage of time, in Example 5(2). 

FigweFig. 5 shows a_change with th e passag e of tim e in ost e oclast 
formatio n osteoclasto genesis in the co-culture system , with passage of time, of Example 5 
(2). 

FiguFeFig^ 6 shows th e inhibitory e ff e ct on ost e oclast 
fomiatio n osteoclastogenesis-inhibiting effects when OCIF was treated with OCIF for 
diff e r e nt cultur e only during various culturing periods during in the co-culture period inof 
Example 5(3). 

Pigur eFig. 7 shows the results of a-crosslinking tes texperiment o f the ^^^I-labeled 
OCIF with the protein of the present invention^ in Example 6 76, wherein: 
<Explanation of symbols^ 
Lane 1 : '^^I-labeled OCIF-CDDU 

Lane 2t -: sample resulting from crosslinking of ^^^I-labeled OCIF-CDD l crosslinlc e d with 
S^F2-^elte l with an ST2 cell line. 

Lane 3:- ^ labeled OCIF CDDl crosslink e d sample resulting from crosslinking an ST2 
cell in the presence of a.400-fold e^eeess higher concentration of xmlabeled OCIF than that 
oflftOOT. 

Figuf eFig. 8 shows the results of SDS-PAGE in Example ^ 79, wherein: 
<Explanation of symbols^ 

Lane 1: Prot e ins of pOBM291 transf e ct e d precipitate resulting from immuno 

precipitation of the protein of COS-7 cells immonopr e cipitat e d in the abs e nc e 
e ftransfected with pOBM291 without OCIF, 

Lane 2: Prot e ins of pOBM291 transfected precipitate resulting from immuno 

precipitation of the protein of COS-7 cells transfected with pOBM291 with OCIF. 
immunopr e cipitat e d in th e pr e s e nc e of OCIF 
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• • 1 25 

FigttFeFig. 9 shows the results of analysis of b inding capabilit y experiment of I- 
labeled OCIF to COS-7 cells transfected with pOBM291 in Example 4 ^10. wherein: 
<Explanation of symbols^ 

Lanes 1 and 2:-The amount of flie-'^^I-labeled OCIF fedta ebound to COS-7 cells 
transfected with pOBMm291. 

Lanes 3 and 4:-The amount of the-'^^I-labeled OCIF todia gbound to COS-7 cells 
transfected with pOBM291 in the presence of a.400-fold exees shigher concentration of 
unlabeled OCIF than that of '^^I-OCIF. 

* * 1 25 

Figuf eFig. 10 shows the results of a-crosslinking tes texperiment usmg OCIF I- 
labeled with-*^^IOOT in Example 44 t11. wherein: 
^Explanation of symbols^ 
Lanel: '^^I-labeled OCIF, 

Lane 2: sample resulting from crosslinking of '^^I-labeled OCIF orosslinlc e d w ith COS-7 
cells transfected with pOBMm29L 

Lane 3: sample resulting from crosslinking of I-labeled OCIF crosslinked with COS-7 
cells transfected with pOBM291 in the presence of a^400-fold a?fceess higher 
concentration of unlabeled OCIF than that of '^^I-OCIF. 

FigureFig. 1 1 shows the results of-et Northern Bblot in Example 4 ^12, wherein: 
<Explanation of symbols^ 

Lane 1 : RNA originatin g derived from ST2 cells cultured without additio n in the absence 
of Vvitamin D and dexamethasone^ 

Lane 2: RNA originatin g derived from ST2 cells cultured witoi the addition presence of 
Vvitamind D and dexamethasone. 

FiguFeFig, 12 shows the-OCIF- binding capabilit y ability of feea proteins in the 
conditioned medium at various w hen the concentration of OCIF conc e ntrations was varied 
in Example 4414-(2) 7, wherein: 
<Explanation of symbols^ 
o: PCEP44, 
•: pCEP sOBM, 
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FigweFig. 1 3 shows the OCEF- binding capabiUt v abiHty of the protein in the 
conditioned medium at various proportions when the amoimt of the conditioned medium 
was varied in Example j-^14-(2) T, wherein: 
<Explanation of symbols^ 
o: PCEP1 
o: dCEP4. 
•: PpCEP sOBM, 

FigttFeFig. 14 shows the resuUs of SDS-PAGE of a fusion protein consisting of 
thioredoxin and mouse OBM expressed in Esch e richia E^ coli^ in Example 4415-(2)7, 
wherein: 

<Explanation of symbols^ 

Lane 1 : Mmolecular weight mark e rs marker. 

Lane 2: Ssoluble protein fractions originatin g derived from GI724/pTrxFus^ 
Lane 3: Ssoluble protein fractions originatin g derived from GI724/pTrxOBM3^25. 

Ftgur eFig. 15 shows fee-OCIF- binding capability at various proportions abilities 
when the amount o f the soluble protein fractions were varied in Example 4415-(3yr, 
wherein: 

<Explanation of symbols^ 

□: GI724/pTrxFus, 

o: GI724/pTrxOBM3525, 

PtguF eFig. 16 shows the OCIF- binding capabilit v abilities o f the soluble protein 
fractions (1%) at various w hen the concentrations of OCIF was varied in Example 4415- 
(3) t. wherein: 

<Explanation of symbols^ 

□: GI724/pTrxFus, 

o: GI724/pTrxOBM2#25, 

FigureFig, 17 shows the results of inhibition of tiie_specific binding to OCIF of 
the mouse ^ Mprotein obtained by expressieng efthe mouse OBM cDNA of the present 
invention and purification o r purifying (mouse OBM) and the purified natural-QGff- tvpe 
OCIF binding protein to OCIF, by a rabbit mi anti-mouse OBM rabbit antibodv r, wherein: 
<Explanation of symbols^ 
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1: Purifi e d OBM pr e par e d by e xpr e ssion of tho cDNA in th e pr e senc e of th e purified 

recombinant OBM treated with an antibodyrQBM + ^^^I-OCIF^ 

2:4 ^ the purified natural -type protein in th e pr e s e nc e of th e treated with an antibody + 

3: Mous e OBM pr e par e d by e xpr e ssion of th e cDNA in the abs e nc e of th e purified 

recombinant OBM untreated with an antibod y, mous e OBM + ^^^I-OCIF^ 

4:-¥he the purified natural -type protein in th e abs e nc e of th e untreated with an antibody + 

*^^I-OCIF, 

5 : 3 + unlabeled OCIF (400-fold fflor ehigher concentration than that of ^^^I-OCIF), 
6: 4 + unlabeled OCIF (400-fold mef ehigher concentration than that of ^^^I-OCIF). 

FigttreFig. 18 shows the results of SDS-PAGE of human OBM protein expressed 
by the cDNA of the present invention r, wherein: 
<Explanation of symbols> 
Lane 1 : Mmolecular weight mark e rs marker. 

Lane 2: Prot e ins o f precipitate resulting fi-om immuno precipitation of the protein 

derived fi^om COS-7 cells transfected with phOBM ( an expression vecto r (phOBM) 
containing athe cDNA of the present inventio n), immunopr e cipitat e d with a rabbi t by an 
anti-OCIF rabbit p olyclonal antibody in th e abs e nc e o fw ithout OCIF^ 

Lane 3: Prot e ins o f precipitate resulting fi"om immuno precipitation of the protein 

derived fi-om COS-7 cells transfected with phOBM ( an expression vecto r (phOBM) 
containing athe cDNA of the present inventio n), immunopr e cipitat e d with a rabbi t by an 
anti-OCIF rabbit p olyclonal antibody in th e pr e s e nc e o fw ith OCIF. 

FigureFig. 19 shows the results of analysis of a binding experiment of OCIF to 
COS-7 cells transfected with phOBM, an expression vector (phOBM) containing athe 
cDNA of the present invention r, wherein: 
<Explanation of symbols^ 

Lane 1 : COS-7 cells transfected with phOBM and th e addition of± ^^^I- OCIFr, 

Lane 2: COS-7 cells transfected with phOBM and tho addition of± ^^^I- OCIF74n 

th e pr e s e nc e of j f a 400-fold mef ehigher concentration of unlabeled OCIF than that of 
^^^I-OCIF. 
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FigttFeFig. 20 shows the results of crosslinking experiment of human OBM^ 
which is a protein encoded by athe cDNA of the present invention^ with I-OCIF 
(monomer- tvpe V. wherein: 
<Explanation of symbols^ 
Lanel: ^^^I-OCIF, 

Lane 2: Th e crosslink e d products sample resulting from crosslinking of I-OCIF with 

thea proteins on the membrane of COS-7 cells transfected with phOBMr^ 

Lane 3 : Th e crosslinlc e d products sample resulting from crosslinking of I-OCEF with 

ftiea proteins on the membrane of COS-7 cells transfected with pHOBM, p hOBM in the 

presence of a 400-fold mer ehigher concentration of imlabeled OCIF than that of I- 

OCIF . 

FiguFeFig. 21 shows the OCIF- binding capabilit v abiUtv of #iea protein 
fsecretedorv-fefm-hOB Mtype human OEM ) in the conditioned medium at various when 
the concentration of OCIF conc e ntrations w as varied in Example 3^24-(2) t, wherein: 
^Explanation of symbols^ 

o: Gconditioned mediimi of 293-EBNA cells transfected with pCEP4 , which do e s 4 
vector not containing cDNA e ncoding s e cr e t e d w hich encodes the secretorv -fw mtvpe 
human OBM^ 

• : Gconditioned medium of 293-EBNA cells transfected with pCEPshOBM^ 
expression vector containing cDNA which containscDNA e ncoding s e cr e t e d encodes the 
secretorv -feH Rtype himian OBM. 

Ftgur eFig. 22 shows the OCIF- binding capabilit v abiUtv of the protein 
(secretedorv-ferm tvpe human OBM) in the conditioned medium at a sp e cific OCIF 
conc e ntratio n when the amount of the conditioned medium to be added was varied while 
changing the amount concentration of condition e d m e dium add e d OCIF was kept constant, 
in Example 2^24-(2) t, wherein: 
■ ^Explanation of symbols^ 

o: Gconditioned medium of 293-EBNA cells transfected with pCEP4 , which do e s 4 
vector not containing cDNA e ncoding s e cr e t e d w hich encodes the secretorv -fer mtvpe 
human OBM^ 
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•: Gconditioned medium of 293-EBNA cells transfected with pCEPshOBM^ 
expression vector containing cDNA which containGoDNA oncoding s e cr e t e d encodes the 
secretorv -fem tvpe human OBM^ 

FigweFig, 23 shows the results of SDS-PAGE of a fusion protein consisting of 
thioredoxin and human OBM^ expressed in Esch e richia fil col U. wherein: 
<Explanation of GymbolG> 

Lane 1 : Mmolecular weight mark e rs marken 

Lane 2: Ssoluble protein fractions originatin g derived from Esch e richia ^ coli 



FigweFig, 24 shows the OCIF binding capabilit v ability of tbea fusion protein 
rnnr , inting of thinrodoxin and human QBM to OCIF. when th e to bind OCIF when the 
amoxmt of the-soluble protein fraction originating from Esch e richi a containing the fused 
protein of thioredoxin and human QBM expressed in E. col i including th e fusion prot e in 
add e d was varied^ in Example 2425-(3) t, wherein: 
<Explanation of GymbolG> 

o: Ssoluble protein fractions originatin g derived from Esch e richia g:. coli 
GI724/pTrxFus, 

•: Ssoluble protein fractions originatin g derived from Bseheriefeia^ coli 
GI724/pTrxshOBM, 

FigureFig, 25 shows the OCIF binding capabilit v ability of the fusion protein of 
thioredoxin and human OBM in a^soluble protein fractions originating from 
Esch e richi a fraction of E, coli to bind OCIF in various conc e ntrations when the 
concentration of OCIF was varied, in Example 2425-(3 ^), wherein: 
<Explanation of symbols^ 

o: Ssoluble protein fractions originatin g derived from Esch e richia^ coli 
GI724/pTrxFus 

•: Ssoluble protein fractions originatin g derived from Esch e richia^ ^ coli 
GI724/pTrxshOBM, 



GI724/pTrxFus, 



Lane 3: 



Ssoluble protein fractions originatin g derived from Esch e riohia g^ coli 
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Fiffltfe Fig. 26 shows the results of quantifvin g measurement of human OBM and 
human sOBM by the-sandwich ELIS A m e thod using th e rabbit an anti-human 
OBM/sOBM rabbit p olyclonal antibody of the present invention T, wherein: 
<Explanation of symbols> 

□: ifliumanOBM^ 
•: iBiuman sOBM. 

FigureFig. 27 shows the results of quantifvin g measurement of human OBM and 
human sOBM by the-sandwich ELIS A m e thod using ^an anti-human OBM/sOBM 
monoclonal antibodiesy of the present invention r, wherein: 
^Explanation of symbols^ 

□: ffliuman OBM^ 
•: ifliumansOBM. 

FigureFig. 28 shows the results of quantifvin g measurement of mouse OBM and 
mouse sOBM by the-sandwich ELISA m e thod using thean anti-human OBM/sOBM 
monoclonal antibodiesy of the present invention-wlHe b. said antibody has cross r e act:: 
reactivity to both mouse OBM and mouse sOBM t, wherein: 
<Explanation of symbols^ 

□: ^faiouse OBM^ 
•: ^fcnouse sOBM. 

FigttFeFig. 29 shows thean activity of thea fusion protein consisting of thioredoxin 
and mouse OBM to stimulat e p romote the formation of human osteoclast-like eaH 
formation r cells 

FiguFeFig. 30 shows flie-suppression of tb evitamin D^-stimulated bone resorption 
by an anti-OBM/sOBM antibod y of th e bon e r e sorption activity stimulated by vitamin 

FigttFeFig. 31 shows fee-suppression o f th e anti OBM/sOBM antibody of th e bon e 
r e sorption activity stimulat e d by prostaglandin E2 (PGE^^ -stimulated bone resorption by 
an anti-OBM/sOBM antibody . 
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FigweFig, 32 shows the-suppression by th e anti OBM/gOBM antibody of-fee 
bon e r e sorbing activity stimulat e d by parathyroid hormone (PTH) -stimulated bone 
resorption by an anti-OBM/sOBM antibody . 

FigttFeFig. 33 shows the-suppression bv-fe eof interleukin 1 a (IL-D-stimulated 
bone resorption by an anti-OBM/sOBM antibod y of th e bon e r e sorbing activity 
stimulat e d by int e rl e ukin 1 a{lL 1) . 

BEST MODE FOR CARRYING Q UTPRACTICING THE INVENTION 

[Examples] 

The present invention will b e doscrib e d is explained in more detail by way of 
e xampl e s which ar e giv e n fo r with reference to the purpos e of illustration o f following 
Examples. However, these Examples are only exemplary and shall not limit the present 
inventio n and ar e not limiting th e r e o f thereto in any wa y of th e r e maind e r of th e 
disclosur e. 
<[Example 1>1 

Pr eparaoduc tion of the gProtein of the ^Present ^[nveiition 

0} Large - sScale cultivation Culture of ST2 eCells 

Mouse ost e oblastic osteoblast like stromal cell line^ STi2^ (RIKEN CELL 
BAN KRiken Cell Bank. RCB0224) was cultured usia gwith act-MEM medium containing 
10% fetal-bovine fetal serum. ST2 c e lls After cultured to conflu e nc e b ecome confluent in 
a 225 2cm T flask for adherent -c e ll cultur e cells. ST2 cells were treated with trypsin-and 
harv e st e d , stripp ed from the T flask . Aft e r washing , the c e lls w e r e washed, and then 
transferred to five of 225 -cm^ T flasks. After the-addition of 60 ml of ee-ct^MEM 
medmm contaimng 10' M of the active-form of vitamin D3 (Gcalcitriol), 10' M 
dexamethasone^ and 4^ %bovine fetal bevine-serum, the resulting cells in e ach flask w ere 
cultured for 7 10 days in a CO2 incubato r for 7 to 10 days . The cultured ST2 cells were 
harv e st e d recovered using a cell scraper and stored at -80^C until use. 
(2) Preparation of mMembrane fFraction and sSolubilization of mMembrane- 
bBound pProtein s 

To the-ST2 cells ( volum e , amount: about 12 ml) described in Example li(l); 
which were cultured using e ight v with 80 of 225 ^cm^ T flasks, was add e d thr ee tim e s 
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fe ea 3-fold volume (36 ml) of 1 0 mM Tris-HGl hvdrochloric acid buffer (pH 7.2) 
containing protease inhibitors (2 mM APMSFP, 2 mM EDTA, 2 mM o-^^ 
phenanthroline, 1 mM leupeptin, 1 ft jg|Lig /ml pepstatin Ay and 100 units/ml aprotinin) 
were added . Afte r these cells were vigorously agitatin g agitated by use of a vortex mixer 
for 30 seconds using a volt e x mix e r , th e c e lls they were allow e d left to stand on ice for 10 
minutes-efriee. Th e c e lls w e r e homogonizod usin g Using a homogenizer ( BOUNCE 
TISSUE GRINDER D ounce Tissue Grinder , A syringe, WHEATO N Wheaton 
SCIENTIFIC Scientific Co. , Ltd. ) , these cells were crushed . Th e same To the crushed cell 
solution, an equal volume (48 ml) of 10 mM Tris-H Qhydrochloric acid buffer (pH 7.2) 
containing the above m e ntion e d protease inhibitors, 0.5 M sucrose, 0.1 M potassium 
chloride, 10 mM magnesium chloride^ and 2 mM calcium chloride was added-te^he 
homog e niz e d c e lls . Aft e r stirring, th e The obtained mixture was agitated and then 
centrifiiged at 600 x g at 4^C for 10 minutes-aM ^. Through this centrifiigation , Si^eby 
s e paratin g cell nuclei and non homog e niz e d uncrushed cells were separated as 
pr e cipitat e precipitated fractions . TbeA supernatant obtained by th e c e ntrifixg e after 
centrifiigation was fiirther centrifiiged at 150,000 x g at 4^C for 90 minutes at 4 ^C , te 
ebtainand membrane fractions of the ST2 cells were obtained as pr e cipitat e precipitated 
fractions . Ei ^To the membrane fractions, 8 ml of 10 mM Tris-HG lhydrochloric acid 
buffer (pH 7.2) containing the above m e ntion e d protease inhibitors, 150 mM of sodium 
chloride, and 0.1 M sucrose was adde d to this m e mbran e fraction. Aft e r th e addition of ., 
and then 200 fh^ixl of 20% CHAPS (3-[(3-cholamidopropyl) dimothylamonioz 
dimethylammonio ] — 1 — propanesulfonate. Stga aaigma Co.), th eLtd.) was added. The 
mixture was stirre dagitated at 4'^C for 2 hours at 4 °C . Theis mixtur e solution was-then 
centrifiiged at 150,000 x g at 4^C for 60 minutes at 4 °C , to obtain and the resulting 
supematant was obtained as aLSolubilized membrane fraction. 
<[Example 2>] 

Purification of the gProtein of the ^Present ^[nvention 

(1} Preparation of OCIF4hnmobilized aAffinity eColunm 

Aft e r r e placing iso propanol lsopropanol in a Hifta pHITRAP® NHS-activated 
column (1 ml, manufactur e d by Pharmacia Co. , Ltd. ) was substituted with 1 mM 
hydrochloric acid, and 1 ml of 0.2 M NaHCO3/0.5 M NaCl (pH 8.3) solution-feft^ 
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containing 13.0 mg of recombinant OCIF prepared bv4h ein accordance with a method 
e fdescribed in WO 96/26217 was added to the column using a syringe (5 ml, 
manufactured by Terumo Gefp rCorporation ) ?. After the column was allowed to 
effee tundergo a coupling reaction at room temperature for 30 minutes . Th e column was 
fed with^ 3 ml of 0.5 M ethanolamine/0.5 M NaCl (pH 8.3) and 3 ml of 0.1 M acetic 
acid/0.5 M NaCl (pH 4.0) were loaded on the column alternately three times each in 
tm itotal so as to inactivate excessive activated groups . Then , th e n the solutio nm obile 
phase of the column was r e plac e d substituted again with 0.5 M ethanolamine/0.5 M NaCl 
(pH 8.3) . Aft e r allowin g and then left to stand at room temperature for 1 hour. 
Thereafter , th e resulting column was washed twice alt e mat e ly w ith 0.5 M 
ethanolamine/0.5 M NaCl (pH 8.3) and 0.1 M acetic acid/0.5 M NaCl (pH 4.0)rand_and 
then the solution m obile phase was th e n replac e d substituted with 50 mM Tris/1 M 
NaCyO.1% CAHPS buffer (pH 7.5). 

(2} Purification of the pProtein of the p r e s e nt inv e ntion usin ^ resent Invention by an 
OCIF4Immobilized a Affinitv eColumn 

Th e purification P urification of the-OCIF- binding protein was carried out at A^C-; 
imless otherwise indicat e d stated . The above m e ntion e d OCIF-immobilized affinity 
column was equilibrated with 10 nxM Tris- hvdrochlorid e hydrochloric acid buffer (pH 
7.2) to whic h containing the protease inhibitors described in Example lr(2), 0.15 M 
sodium chloridej and 0.5% CHAPS w e r e add e d . Abeu tTo this colimm, about 8 ml of the 
solubiUzed membrane firaction described in Example l-(2) was applied to th e column at a 
flow rate of 0.01 ml/minute. Th e n, th e The column was washed with the above 10 mM 
Tris hvdrochlorid e hydrochloric acid buffer (pH 7.2) to whic h containing the abov e 
m e ntion e d protease inhibitors, 0.15 M sodiimi chloride^ and 0.5% CHAPS was add e d, for 
100 minut e s at a flow rate of 0.5 ml/mmut emin for 100 minutes . N^Then, the proteins 
adsorb e d to were eluted fi*om the colum n was e lut e d with 0.1 M glycine- 
hydrochlorid e hydrochloric acid buffer (pH 3.3) containing the above p rotease inhibitors, 
0.2 M sodium chloride^ and 0.5% CHAPS for 50 minutes at a flow rate of 0.1 
ml/mimrt emin for 50 minutes . In th e sam e mann e r Similarly , th e prot e ins adsorb e d to th e 
column was e lut e d with a 0.1 M sodium citrate buffer (pH 2.0) containing th esaid 
protease inhibitors, 0.2 M sodium chloride^ and 0.5% CHAPS for 50 minut e s was fed to 
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the column at a flow rate of 0.1 ml/mkHrte min for 50 minutes so as to elute proteins 
adsorbed to the column . The eluates was coll e ct e d in were fractionated as 0.5 ml /fraction 
each. The fractions . Each fraction was were immediately neutralized by the-addition of a 
2M Tris solution. The fractions d e riv e d from the e lution with th e s e buffers (e ach fraction 
consistin s t he volimie o f the eluate was 1.0- to 5.0 ml of e luat e) eluted with the buffer 
were concentrated to 50- to 100 fijal using C e ntricon 10 (manufactur e d by Amicon of 
UCENTRICON®-10 (Amersham Co .StA. Ltd.). OCIF was added to a portion of 
earf iAliquots of the concentrated fraction fractions were subfractionated, an d after 
addition of OCIF to the aliquots. they were immunoprecipitated with an anti-OCIF 
polyclonal antibody. TheAfterthe precipitated fractions were treated with SDS-m d, they 
were subjected to SDS-PAGE . Fractions , and then a fraction (Fr. Ner -Nos. 3-10) in 
which th e showing a band of the protein with sp e cific binding abilit vh aving an activity to 
specifically bind OCIF app e ar e d w e r e r e gard e d was identified as the protein fractions of 
the present invention. 

(3) Purification of the pProtein of the pPresent ^Invention by gGel ^Filtration 

The conc e ntrat e d OCIF- binding protein (th e fractions obtain by th e e lutio n eluted 
with 0.1 M glycine hvdrochlorid e hydrochloric acid buffer (pH 3.3) and subsequently 0.1 
M sodium citrate buffer (pH 2.0) ) pr e par e d after purification and concentration in 
accordance with the method described in Example 2^(2) was ^^liedsubjected to a 
Sup^eseSUPEROSE® 12 HRlO/30 column ( 1.0 x 30 cm, manufactured by P harmacia 
Co. . Ltd., 1.0 X 30 cm ) which was equilibrated with 10 mM Tris-HCl, 0.5 M NaCU and 
0.5% CHAPS (pH 7.0) and developed withusing the above equilibration buffer as a 
mobile phase at a flow rate of 0.5 ml/min, and eae hthen fractions of 0.5 ml fraction 
wa swere collected. The fractions containing the protein of the present invention (Fr. Nesr 
Nos. 27-32) werewas identified according to and concentrated by means of 
CENTRICON®- 10 (Amersham Co., Ltd.) in the same m e tho d manner as described 
above. Each of the fractions was concentrat e d using Centricon 10 (a product of 
Amicon). 
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(4) Purification by fReversed pPhase hHigh ^ Performance ILiquid 
e Chromatography 

Th e abov e m e ntion e d OCIF" binding protein purified by the above g el filtration 
was ^pbe dadded to a C4 column (2.1 xX 250 mm, Vydac, USA) which was equilibrated 
with 0.1% trifluoroacetic acid (TFA) and 30% acetonitrile. Th e prot e ins bound to the 
column w e r e e lut e d Elution was carried out at a flow rate of 0.2 ml/min with faearthe 
gradients of acetonitrile concentration of firom 30% to 55% fo r th e first 50 minutes and 
then of fi-om 55% to 80% during th e n e x t for another 10 minutes at a flow rat e of 0.2 
ml/min . Peak sThe peaks of eluted proteins were detecte d by m e asuring optical d e nsity at 
215 n mmm . Prot e ins in th e diff e rent pealcs w e r e analyz e d to id e ntify th e firactions 
containin g The eluted protein of each peak was firactionated, and the peak of the protein of 
the present inventionr«i d was identified. Thus, a highly purified protein of the present 
invention was obtained. 
<[Example3>l 

SDS-PAGE of the gPurified. gProtein of the gPresent ilnvention 

Th eFirst, a solubilized membrane fi-action prepared from ST2 cells which were 
cultured in the presence or absence of the active-form of vitamin D3 was subj e ct e d to 
purification p urified with the OCIF-immobilized affinity column^r-Th e as described 
above, and the purified pr e parations samples were subjected to SDS-PAGE. As shown in 
FigureFig. l(A\ it was revealed that a major protein band with MW of about 30,000- to 
40,000 was detected only in the purified pr e paratio n sample obtained from the ST2 cells 
which was cultured in the presence of the active-form of vitamin D3, provin g and that ^a 
protein which specifically binds te-OCIF^ (i.e.^ the protein of the present invention)-eaft 
be, is selectively concentrated and p urified bywith the OCIF-immobilized affinity 
colunm. However, bands of s e v e ral prot e ins (oth e r tha n in addition to the protein of the 
present invention ^ some other bands of proteins which non sp e cifically w ere 
nonspecificallv biound to the carriers-OF^ spacers or the like of the OCIF-immobilized 
colunm were also detected in both ef-tbe-purified pr e parations samples . These proteins 
other than the protein of the present invention were removed according to th e abov e 
describ e d m e thod b y gel filtration and C4 reversed phase chromatograph y as described 
above . The SDS-PAGE of the obtained highly purified protein of the present invention is 
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shown in FigHFe -Fig. KB). The highly purified protein of the present invention was 
found to b e electrophoretically homogeneous^ and had-athe molecular weight efthereof 
was about 30,000-Jto.40,000. 
<[Example 4>] 

Examining the Binding tes^ f OCIF to eOsteoblasts 

(1} Preparation of ^^^I4Labeled OCDF 

OCIF was l^labeled-with-^ by the-Iodogen method. Sp e cificall vM ore 
specifically , 20 ^=^JIl of 2.5 mg/ml lodogen-chloroform solution was transferred to a 1.5 ml 
Eppendorf tube^ and chloroform was evaporated e€f-at 40°C , to obtain a tube coat e d with 
so as to prepare an lodo gen -coated tube . Th eAfter the tube was washed three times with 
400 ^jil of 0.5 M sodium phosphate buffer (Na-Pi, pH 7.0V^ive-^,_5jil of 0.5 M Na- 
Pi(pH 7.0) was added to the tub e thereto . Immediately after th e addition of 1 .3 ftljil 
(18.5 MBq) of Na-^^^I solution (NEZ 033H20, manufactur e d by Amersham Co. ), Ltd., 
NEZ-033H20) was added to the tube , 10 piy\ of 1 mg/ml rOCIF solution (monomer type 
or dimmer type) was adde d to th e tub e. Aft e r mixin g The obtained solution was agitated 
with a vohtex mixer, th e mixtur e was allow e d and then left to stand at room temperature 
for 30 seconds. The solution was transferred to a tube containing 80 ^1 of a solution 
ef|ilof 10 mg/ml potassium iodide inand 0.5 M Na-Pi solution (pH 7.0)^ and 5 piyl of a 
phosphate buffered saline solution containing 5% bovine serum albumin, and stk^e dthen 
agitated . Theis mixtur e solution was applied to a spin column (1 ml, G-25 fine, 
manufactur e d by Pharmacia Co. , Ltd.) which was equilibrated with a.phosphate buffered 
saline solution containing 0.25% bovine serum albumin and th e column was centrifiiged 
at 2,000 rpm for 5 minutes at 2,000 rpm . Four hundr e d u After adding 400 |j. l of-a 
phosphate buffered saline solution containing 0.25% bovine serum albumin was add e d to 
the fraction eluted from the colunrn and th e mixtur e was stirr e d. A subsequentlv mixed, 2 
^Jgl of the aliquot was remov e d to m e asur e aUquots were collected, and the radioactivity 
usffl ffthereof was measured with a gamma coimter. The radiochemical purity of the thus 
prepared I-labeled OCIF solution w as determined by measuring the radioactivit y of a 
fraction precipitated withby 10% TCA. ^Fh eFurthermore, the biological activity efas 
OCIF the ^^^I-labeled OCIF solution was m e asur e d according to th e determined in 
accordance with a method described in WO 96/26217. ¥he Moreover, the concentration 
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of tfee-'"l-labeled OCIF was measured by tbe-ELIS A according to in the following 
proc e dur e manner . 

(2) Measurement of th e conc e ntratio n Concentration of '^^I4Labeled OCIF by ELISA 

Onohundr e d lOO iJ^ixl of 50 mM NaHCOa (pH 9.6) in which the2jigATiLof anti- 
OCIF rabbit polyclonal antibody described in WO 96/26217 was dissolved te^ 
conc e ntration of 2 /xg/ml w as added to each well of a-96-well immuno plat e immunoplate 
(MaxiSorp^, a product of Nunc Co. ). Th e plat e was allow e d , Ltd.) and left to stand_at 
4°C ovemight-at4^. After r e moving th ethis solution bywas suetienremoyed, 300 ^yl of 
Block Aco'™ B LOCKACE (Snow Brand Milk Products Co., Ltd.)/phosphate buffered 
saline (25/75) solution (25/75) was added to each well . Th e plat e was and then 
allow e d left to stand for two hours at room temperature r for 2 hours. After r e moving 
th ethis solution by s uction, th e was removed, each w ells^wer e was washed three times 
with phosphate buffered saline solution (P-PBS) containing 0.01% Polysorbat e 80 (P 
PBS^ rpolvsorbate 80. Nex tThereafter , 300 i=Fjil of Block Ac e 'TM B LOCKACE /phosphate 
buffered saline (25/75) solution to which (25/75) containing ^^^I-labeled OCIF sample or 
Sie-standard OCIF pr e paration was mix e d, w as added to each well . Th e plat e was th e n 
allow e d and left to stand for two hours at room temperature for 2 hours . After r e moving 
Siethis solution bywas suetienremoved, each well was washed six times with 200 of 
P-PBS. One hundred ul Then, 100 ul of Block AcqTm b LOCKACE (Snow Brand Milk 
Products Co., Ltd.)/phosphate buffered saline (25/75) solutio n (25/75) containing 
peroxidase -labeled-babbit anti-OCIF rabbit p olvclonal antibody was added to each welU 
Th e plat e was allow e d and left to stand for two hours at room temperature for 2 hours . 
After r e moving th ethis solution b ywas Sttetienremoved, fee -each well&^wer e was washed 
six times with 200 /djolof P-PBS. Then, 100 u Then, 100 |i l of TMB solution (TMB 
Soluble Reagent, High Sensitivity, Scytek Co. , Ltd.) was added to each well . Aft e r 
incubatin g and then left to stand at room temperature for 2- to 3 minutes . Thereafter , 100 
^jil of stopping solution ( Stopping Reagent^ (Scytek Co. , Ltd. ) was added to each well. 
Absorbanc e The absorbance of each well at 490 nm was measured at 4 90 nm usin g with a 
microplate reader. The concentration of the_^^^I-labeled OCIF was d e t e rmin e dcalculated 
fi-om a calibration curve pr e par e d made by using-fee standard pr e paration of O CIF. 
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(3) Examining the Binding tes ^f OCIF to e Osteoblasts or s ple^ ^Pancreas eCells 
Mouse ost e oblastic osteoblast-like stromal cell line^ ST22^ or spleemnouse 
pancreas cells were suspended in em-MEM medium containing 10% bovine fetal bovin e 
serum (FBS)reitfe6f with or without 10"^ M of the active-form of vitamin D3 (Gcalcitriol) 
and 10"^ M dexamethasone^ teat a concentration of 4 ?eX 10"* cells/ml fS ¥and 2 c e lls) or 2 

10^ cells/ml (spl ee n c e lls) , respectively. Each c e ll susp e nsio n ! ml of this medium 
was innoculat e d seeded intein a 24- well micro plat e microplate . TheAfterAe cells were 
culture d for 4 days in in a CO22 incubato r. Aft e r washing th e c e lls for 4 days and washed 
with esa-MEM medium , 200 of medium for the binding tes texperiment (eu-MEM te 
whie hmedium containing 0.2% bovine serum albumin, 20 mM Hepes buffer^ and 0.2% 
NaN^ w e r e suppl e m e nt e d ) ? further containing 20 ng/ml of the above d e scrib e d ^^^I- 
labeled OCIF (monomer feffi ttype or dimmer fe mtvpe) ? was added to each well. To th e 
w e lls for th e m e asur e m e nt of non sp e cific bindin j g Furthermore , 200 i ri|ag/ml of the 
medium for the binding tes texperiment containing 8 l=fjig/ml-ef rOCIF (400 tim e s fold 
higher concentration) in addition to 20 ng/ml of ^ lab e l e d OCIF was added^-TheJo 
other wells which were subjected to measurements of nonspecific binding. After the cells 
were cultured for on e hour in a €0^2 incubator an dfor 1 hour, they were washed ^three 
times with 1 ml of a-phosphate buffered saline solution . In this proc e dur e Since pancreas 
cells are floating cells , spl ee n cells in each well were washed by c e ntrifiiging in the 24- 
well plate in e ach washing st e p, b e caus e th e spl ee n c e lls w e r e non adh e r e n t with 
centrifiigation . After washing, 500 ^J^yl of 0.1 N NaOH solution was added to each well 
and th e plat e was allow e d left to stand for 10 minut e s at room temperature to dissolv efor 
10 minutes. Thereby, the cellsr-4% e were washed, and the amount of RI in e ach 
weH bound to the cells was measured b ywith a gamma coimter. 

As shown in Figur e 2, The ^^^I-labeled OCIF did not bind te-the cultured 
splee npancreas cells, but specifically bound only to th e ostooblastic osteoblast like 
stromal cells which w e r e cultured in the presence of the active-form of vitamin D3. The 
r e sults indicat e d Therebv, it was revealed that the protein of the present invention iswas a 
membrane abound protein induced b yon the cell surface of osteoblast like stromal cells 
with the active-form of vitamin D3 and dexamethasone on ost e oblastic stromal c e lls . 
<{Example 5>} 
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Biological aActivity of the ^Protein of the ^Present ilnvention 

(i^ Ost e oclasts formation support e d by ost e oblastic stromal c e lls 

(1) Ability of Osteoblast Like Stromal Cells to Support Osteoclast Formation 

The ost e oclasts abilitv of osteoblasts to support osteoclast formatio n supporting 
capability of ost e oblastic stromal c e lls was e valuat e d examined by measuring tartaric acid 
resistant acid phosphatase activity (TRAP activity) of the formed osteoclasts. 
Sp e cificall y More specifically .-splee nmouse osteoblast-like stromal cell line, ST2, (5 X 
10^ cells / 100 |il/wein (2 xX 10^ cells/ 100 tifgl/well) and pancreas cells derived from a 
ddy mouse (8- to 12 weeks old) and mouse ost e oblastic stromal c e lls ST2 (5x10^ 
c e lls/100 | Jl/w e ll) w ere suspended in ea-MEM to which lO '^ -medium containing 10% 
bovine fetal serum, 10'^ M of the active— form vitamin Da r4Q "of vitamin and 10" ^ M 
dexamethasone- and 10% f e tal bovin e s e rum w e r e add e d seeded in a 96-well plate . 
Tb eAfter the cells were innoculat e d into 96 w e ll plat e s and cultured in a CO? incubator 
for one wee k in a COa incubator. Aft e r washing s each well was washed w ith phosphate 
buffered saline solution. Then , 100 ^^il of ethanol/acetone (1:1) was fixrther added to 
eaehthe we fewells and th e c e lls w e r e immobiliz e d fixed at room temperature for enei 
minute. Aft e r immobilizatio n Then , 100 |j|il of 50 mM eifrat ecitric acid buffer (pH 4.5) 
containing 5.5 mM p-nitrophenol phosphate and 10 mM sodium tartarate was added to 
each wellr-Afte F and then allowed to react at room temperature for 15 minutes . After 
efthe reactio n at room t e mp e ratur e, 0.1 N NaOH solution was added to each well^ and the 
absorbance at 405 nm was measured usingwith a microplate reader. Th eFig. 3 shows the 
results of ost e oclasts format ioR-b vexamining the abilities of ST2 cells wife- ato supp ort 
osteoclast formation, wherein the passage number of abeu tsaid cells were around 10^ or 
around 40' s (after purchasing th e c e lls purchased from RIKEN CELL BANK ar e shown 
in Figur e 3. Riken Cell Bank). Th eFrom these results indicat e , it was revealed that the 
ST2 cells with of a higher passage number e xhibit mor e pot e nt h ad a high ability to 
support osteoclasts- formation. 

(3) Tim e cours e chang e of e xpr e ssion of th e prot e in of th e pr e s e nt inv e ntion on 

m e mbran e of ost e oblastic stromal c e lls in a cultur e syst e m which includ e activ e 
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(2) Changes with the Passage of Time in Expression of ost e oolastG formation the Protein 
of the Present Invention on the Menbrane of Osteoblast Like Stromal Cells Cultured in 
th e CO cultur e syst e m the Presence of the Active-Form of Vitamin and 
Dexamethasone and Those in Osteoclast Formation in a Co-Culture System 

In th e sam e mann e r as in Exampl e 4 (3), ostooblastic Osteoblast-like stromal cell 
line, ST22, was cultured for 7 days in the presence of the active-form of vitamin D3 and 
dexamethasone for 7 days in the same manner as in Example 4-(3) , The-OCIF-binding 
tes texperiment was carri e d out conducted using I-labeled OCIF (monomer type) as 
described in th e e xp e rim e nt in Example 4;(1). Non sp e cific N onspecific binding was 
measured by competing the ^^^I- labeled OCIF binding to ST2 c e lls w ith a 400-fold higher 
concentration of imlabeled OCIF in binding to ST2 cells . As a result, it was confirm e d 
thafr-the amount of specific binding of tiie_^^^I-labeled OCIF incr e as e in accordanc e with 
incr e as e in cultur e p e riod i n was increased, due to the pr e s e nc e of active-form of vitamin 
D3 and dexamethasone , with an increase in culturing days . Sp e cificall y That is , as shown 
in Figures 4 and 5, the protein of the present invention was expressed on the cell surface 
of ST2 cells b vdue to the active- form of vitamin D3 in accordanc e w ith an_increase in 
cultur eing pei4e ddays, and feeits expression reached a-maximxmi on the fourth day of 
culture. On the other hand, osteoclast-like cells ^were formed by coculturin g after co- 
culture of mouse spleen cells and ST2 cells in the presence of the active-form of vitamin 
D^-3^TRAP (a marker enzyme effor osteoclasts)— j)ositive mononuclear ^e-osteoclast- 
like cells af ewere formed on the third or fourth day of fee-cultur e. Mor e, and fiirther, 
differentiated and matured TRAP-positive multinuclear cells af ewere formed on the fifth 
teor sixth day of fee-culture. A good correlation b e tw ee n i t was found that change with 
the passage of time- cours e of th e in expression of the protein of the present invention and 
ost e oclasts in osteoclast formation was thus d e monstrat e d corresponded well with each 
other . 

(3) Inhibition of ost e oclasts formation by OCIF tr e atm e nt for diff e r e nt p e riod during 

th e CO culture 
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(3) Effect of Inhibiting Osteoclast Formation When OCIF Was Treated Only During a 
Restricted Period of Co-Culture 

To malc e it cl e a r further clarify that the protein of the present invention iswas a 
factor involved in th eosteoclast ost e oclasts formation, Sie-cells cultured during various 
periods (two days each, except for the fifth day) w ere treated with 100 m gng /ml of OCIF 
for diff e r e nt cultur e p e riods during th e six in the above 6- day co-culture period-described 
in th e abov e m e ntion e d Example 5(2) (two consecutiv e days in th e six day p e riod, e xc e pt 
for th e 5 th day for which a on e- day p e riod was appli e d{ 2). As a result^as shown in 
FiguFeFig. 6, in the case where OCIF tr e atm e nt a t was added during the 48- th to 96-beuFS 
aft e r start o ft h hr (as counted fi'om the beginning of cultur e at which e xpr e ssion o f ), when 
the protein of the present invention was expressed at highest level on ST2 cells-is 
maximal was found to b e most e ff e ctiv e for inhibitin g , osteoclast formation ef 
ost e oclasts was inhibited most effectively . Sp e cificall v That is , it was confirm e d revealed 
that OCIF controls inhibited osteoclast formation by binding to ST2 cells via the protein 
of the present invention. 

Bas e d on th e results o f From the above e xp e rim e nts results , it became clear that the 
protein of the present invention was confirm e d to b e induced on c e ll m e mbran e of 
ost e oblastic the membranes of osteoblast-like stromal cells b ywith the active-form of 
vitamin D3 and dexamethasone^ and to e xhibit a h ad the biological activity to support or 
acc e l e rat e (effect) of a factor which supports and promotes differentiation erand 
maturation of osteoclasts. 
<£Example 6>1 

Crosslinking test-fefExperiment of ^^^I-labeled OCIF aftdto the ^Protein of the 
^Present ilnvention 

To fiirther identify the presence of the p rotein of the present invention-meFe 
cl e arly , '^^I-labeled OCIF was allowed to crosslink with the protein of the present 
inventio n was crosslinlc e d with ^ lab e l e d OCIF . Mous e ost e oblastic stromal A s in 
Example 4-(3). mouse osteoblast like cell line^ ST32^ was cultured for four days in the 
presence or absence of the active-form of vitamin D3 and dexamethasone in th e sam e 
mann e r as d e scrib e d in Exampl efor days . After washing the cells were washed with 
1 ml of phosphate buffered saline solution , 200 of medium for binding 
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tes texperiment (€«a-MEM to which m edium containing 0.2% bovine serum albumin, 20 
mM Hepes buffer, 0.2% NaN^^s and 100 1Jyg/ml heparin w e r e add e d ) ? flither containing 
25 ng/ml of the above '^^I-labeled OCIF (monomer type) or 40 ng/ml of ^^^I-labeled 
OCIF-CDDl wbieh was added. ^^^I-labeled OCIF-CDDl was obtained by expressing the 
protein of S e qu e nc e described as SEP ID No rNO: 76 (in_WO 96/26217) inwith animal 
cells , was add e d. Th e and labeling in accordance with the above m e ntion e d cultur e 
method. Furthermore, the mediimi for the binding t e st was furth e r suppl e ment e d 
wit hexperiment. containing a 400-fold higher concentration of OCIF-^id^ was added to 
the other we fewell and was subjected to ass e ss non - sp e cific an experiment for 
nonspecific binding. After culturing for on e hou rt he cells were cultured in a CO? 
incubato r for 1 hour , e ach w e ll was thev were washed three times with 1 ml of phosphate 
buffered saline solution containing 100 ^|ixg/ml of heparin. Piv eThen. himdr e d SOO iJ^yl of 
phosphate buffered saUne containin g solution in which 100 ^^ig/ml of crosslinking agents 
DSS (Disuccinimidyl suberate, Pierce Co.^ ?, Ltd.) was dissolved was added to e ach 
wel tthereto, and the plat e was Ic e p t allowed to react at O^C for 10 minutes at 0°C > 
S^e After the cells in these wells were washed twice with 1 ml of phosphate buffered 
saline a tsolution cooled to 0°C . On e ^ hundr e d lOO of 20 mM Hepes buffer containing 
1% Triton X-100, 10 | JM popstatin, 10 |jM l e up e ptin, 2 mM PMSF 
(phenylmethylsulfonyl fluoride), 10 fiM pepstatin, 10 |aM leupeptin, 10 lijaM antipain^ 
and 2 mM EDTA^ was-tben added to each well . Th e plat e was allow e d , and left to stand 
for 30 minut e s at room temperature to dissolv e for 30 minute so as to lyse the cells. 
pjftee nAfter 15 i^y\ of these samples were treated with SDS imder non-reducing 
conditions according to conv e ntional m e thod and subj e ct e d to in accordance with a 
commonlv used method, they were run on a SDS-polyacrylamide gel-electrophoresis (4- 
gel (with a gradient of 4 to 20% polyacrylamide gradi e nt , manufactur e d by Daiichi 
Ch e mical Pure Chemicals Co., Ltd.). After electrophoresis, the gels wer ewas dried and 
exposed to BioMax BIOMAX® MS fibn ( manufactur e d by Koda k Co., Ltd. ) for 2 4 hours 
at 80°C using BioMax BIOMAX® MS int e nsifying scr ee ns (manufactur e d by 
amplifying screen ( Kodak ) Co., Ltd.) at -80°C for 24 hours . After e xposur e , th e film 
wa sThe exposed films were developed bym conv e ntional accordance with a commonly 
used method. A band of crosslinldng product with When the ^^^I-labeled OCIF (monomer 
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type. 60 kPa) was used, a crosslinked protein having a molecular weight of about 90.000- 
to_l 10,000 was detected . On the other hand, when the ^^^I-labeled OCIF (monom e r typ e , 
60 IcDa) was used. Wh e n th e ^ labeled OCIF CDDl (31 kDa) was used, a band of 
crosslinlcing product crosslinked protein of about 70- to 80 kDa (78 kPa on averager^ 
kDa) was detected as shown in FigweFig. 7. 
<[Example 7>1 

Scatchard Plot Analysis of the BProtein of the ^Present invention, eExpressed on 
ST coUg by Scatchard Pl et2 Cells 

Th e aboy e m e ntion e d lab e l e d OCIF (monom e r typ e ) was add e d to a 
conc e ntration of 1,000 pM to th e cultur e m e diu mM edium for the binding tes texperiment 
(e«x-MEM medium containing 0.2% boyine serum albumin, 20 mM Hepes buffer^ and 
0.2% NaNa) and th e cultur e m e dium further containing LOOO pM of the aboye ^^^Mabeled 
OCIF (monomer type) was s e riall y prepared and diluted stepwise at a dilution rate teof 
1/2 with the cultur e medium not containing ^I lab e l e d OCIF for the binding experiment . 
Solutions Furthermore, another medium for m e asurin g determining nen- 
sp e cific nonspecific binding wer ewas prepared by furth e r adding a 400-fold higher 
concentration of unlabeled monomer-fe m type OCIF to th e s e solutions the aboye 
medium . Two hundr e d I J 200 [i l of these prepared solutions were added to th e abov e 
m e ntion e d wells wi feof the aboye ST2 cells (about 10^^ passaged cultured for 4 days 
(passag e numb e r, about 10) in the presence of 10'^ M of the active- form of vitamin D3 
(Ccalcitriol) and 10"^ M dexamethasone, to ass e ss and binding of th^^^^I-labeled OCIF 
was tested in the same m e tho d manner as d e scrib e d in Example 4^(3). The obtained 
results were subj e ct e d to Scatchard Plot analysis to d e t e rmin e th e plotted in accordance 
with a common method, and dissociation constants of OCIF and th^OCIF- binding 
protein^ and the number (sit e ) of OCIF of the OCIF binding protein (site) p er aone ST2 
cell were determined . As a result, the dissociation constants of OCIF and the protein of 
the present invention was found to b e were 280 pM, and the nimiber of the sit e of OCIF- 
binding protein (site) p er aone ST2 cell was approximat e l y about 33,000/cell. Bas e d on 
th e finding in Exampl e 5(1) that ost e oclasts formation support e d by th e Furthermore, a 
cultured ST2 cells with a passage numb e r abou t number of around 40 was mor e e xtensiv e 
's had higher ability to support osteoclast formation than that with a.passage number 
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about 10. th e numb e r (th e sit e ) of around IP's as shown in Example 5-(l\ so that the 
number of sites of the protein of the present invention expressed on the ST2 cell with a 
passage number abeu tof around 40^ was ass e ss e d measured . The As a result, the number 
(of site) was 58,000/cell and which, was clearly tefge rgreater than that on the ST2 cells 
with apassage number about 10, indicatin g of around IP's. It was revealed that the 
amount of the expression of the p rotein of the present invention e xpr e ss e d on associated 
with the degree of the ability of ST2 c e lls is r e lat e d to th e ir pot e no v cell to support 
osteoclasts- formation. Theis r e sults finding indicateds that the protein of the present 
invention is a factor tbat-to suppo rts or induc e s and promote differentiation erand 
maturation of osteoclasts. 
<{Example 8>] 

Cloning of OBMcDNA OBM cDNA 

(1) Extraction of RNA from mMouse ST2 eCell s 

Mouse ost e oblastic osteoblast-like stromal cell line^ STS2^ (RIKEN CELL 
BAN KRiken Cell Bank , RCB0224) was cultur e d in a with a -MEM medium (Gibco BRL 
Co. , Ltd. ) containing 10% fetal-bovine fetal serum. ST2 c e lls After cultured tecells 
become confluent in ar225 ::cm T- flasks for adherent cell culture, ST2 cells were treated 
with trypsi n to harv e st th e c e lls , stripped fi-om the T- flask . Th e c e lls w e r e ^ washed^ and 
transferred to five 225 ::cm^ T- flasks. Si^rt yAfter adding 60 ml of e^gc-MEM medium 
containing 10"^ M of the active-form of vitamin D3 (€calcitriol, Wako Pure Chemicals 
Co rlndustries , Ltd.), 10'^ M dexamethasone^ and 10% fetal-bovine fetal serum was add e d 
to e ach flask and thereto, the cells were culture d for 5 days in a CO2 incubato r for 5 days . 
Total RNA was extracted fi-om the cultured ST2 cells using ISOGEN (Wako Pure 
Chemicals Go rlndustries , Ltd.). Poly A"^ RNA was prepared fi-om about 600 \^^g of the 
total RNA using an OUgo (dT)— cellulose column (5 '-3' Prime Co ., Ltd .). About 8 i=fjig 
ofPpolyA'RNA was obtained. 

(2) Construction of eExpression ILibrary 

Double- stranded cDNAs-^wa s were synthesized fi-om 2 ^J|ag of pely Athe poly A '^ 
RNA obtained in Example 8-(l) using a with Great Lengths cDNA Synthesis kit 
(Clontech Co. , Ltd. ) according to th e instruction in tb eaccordance with a manual thereof 
Sp e cificall y More specifically , 2 ^\ig of pelv Athe poly A "^ RNA and an Oligo (dT) 25 (dN) 
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primer were mixed aft dtogether, distilled water was added to th e mixtur e to malc e thereto 
so that the final volume tewas 6.25 ii|il . Aft e r incubatio n , and the mixture was incubated 
at 70°C fo r about 3 minutes at 70°C , th e mixtur e was and then cooled eain ice for 2 
minutes. To th e mixtur e w e r e add e d Then, 2.2 of distilled water, 2.5 of 5X First- 
strand buffer, 0.25 v^yl of 100 mM DTT (dithiothreitol), 0.5 ^ijil of PRIME RNase 
ilnhibitor (1 U/ml) (5'-3' Prime Co. , Ltd. ), 0.5 t^jil of [ea-^^P] dCTP (Amersham Co., 
gOQ OLtd., 3,000 Ci/nmiol ), 2 uCi/ul) which was diluted 5 fold with distill e d water to 
malco 2 uCi/u h o be one fifth concentration , 0.65 ^gl of dNTP (20 mM each); and 1 .25 

(250 units) of MMLV (RNaseH") reverse transcriptase were added thereto, 
respectively . Th e mixtur e Thus obtained solution was incubated at 42°C for 90 minutes-at 
42 ^. Then , followed bv tho fiirthor addition of 62.25 of distilled water, 20 iJ^y\ of 
5X second-strand buffer, 0.75 of dNTP (20 mM each); and 5 iijil of Second-strand 
enzyme cocktail . Th e r e sulting mixtur e were added thereto, respectively. Thus obtained 
solution was maintain e d incubated at 16°C for twe2 hours. Th e n, 7.5 units of T4 DNA 
polymerase was added to this r e action mixtur e . Aft e r inoubation thereto, and fiirther 
incubated at 16°C fo r another 30 minutes . Thereafter , th e r e action was t e rminat e d bv th e 
addition of 5 \J^ixl of 0.2 M EDTA^r^Aft ^ was added to terminate the reaction, and after a 
phenol-chloroform treatment, th e product was pr e cipitat e d with ethanol precipitation was 
carried out . An EcoRI-Sall-NotI linker (Clontech Co. , Ltd.) was attach e d added to feean 
ends of the r e sultant double- stranded cDN A. Th e n, th e e nds w e r e phospholylat e d and 
th e product was appli e d on then phosphorylated at its end. Using a column for size 
fractionatio n column to obtain cDNA with a l e ngth mor e , cDNAs of not smaller than 500 
bp . DNA was were separated, and ethanol-precipitated. The p recipitated with e thanol, 
dissolv e d PNAs were reconstituted in water and ligatedinserted t einto pcDL-SR €m296 
(Molecular and Cellular Biology, Vol. 8, pp^ 466- to 472, 1988) which had boon 
eu tfTakara Shuzo Co., Ltd.) previously cleaved with a restriction enzyme^ EcoRI (Talcara 
Shuzo Co.)^ an d subsequently treated with CLAP (calf intestine alkaline phosphatase, 
Takara Shuzo Co ., Ltd .). 
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(3) Screening of eExpression I Librar y by m e ans of in Which the bBinding to OCIF 
Was Used as an Index 

An e Gch e richia gl coli strail, XL2 Blue MRF' (Toyobo Co., Ltd.)7 was transformed 
usin gw ith the DNA produc e d obtained in Example 82(2)^ and cultur e d allowed to grow on 
a L Carb e nisilin aga r Carbenicillin Agar Medium (1% trypton, 0.5% yeast extract, 1% 
NaCl, 60 \^\i^m[ carb e nisilin x arbenicillin and 1.5% agar) prepared in a 24-well plastic 
fitatesr plate for cell culture so that the cells was grown to produc e about 100 colonies per 
well. Transformants The transformants in each well were suspended in 3 ml of Terrific 
Broth ampicillin eultwe-medium (1.2% trypton, 2.4% yeast extract, 0.4% glycerol, 0.017 
M KH2PO4, 0.072 M K2HPO4, 100 1=fjig/ml ampicillin)^ and culture d with shaking at 
37°C overnight with shalcing . C e lls w e r e The E, coli was collected by centrifugation-te 
prep ^. and plasmid DNA using a OIAw e ll D NAs were prepared therefrom with 
QIAWELL® kit (QIAGEN Co. , Ltd.) . The DNA conc e ntratio n content was determined 
by m e asurin g detecting absorbance at 260 rrnir-^N A, and the DNAs was concentrated by 
pr e cipitating with ethanol precipitation and dissolved in distilled water te- aso that the 
concentration e fwas 200 ng/i^jxl. Fiv e hundr e d Thus. 500 DNA pools^ each of which was 
obtain e d derived from about 100 colonies were prepared and were-used for transfection 
iftteof COS-7 cells ( RIKEN CELL BAN K Eliken Cell Bank , RCB0539). COS- 7 cells 
were seeded into DMEM containing 10% f e tal bovin e s e rum in e ach w e ll of a 24-well 
plat e s at a c e ll d e nsity of p late so as to achieve 8X10"^ cells/well and cultured ov e rnight 
at 37°C in a CO2 incubato r at 37^C overnight by use of DMEM mediimi containing 10% 
bovine fetal serum . Nex tOn the following day, the cultur e medium was removed^ and the 
cells were then washed with serum- free DMEM cultur e m edium. Th e abov e d e scrib e d hi 
accordance with a protocol attached to lipofectamine (Gibco Co., Ltd.) which was a 
reagent for transfection, the plasmid DNA which was p reviously diluted with aii-OPTI- 
MEM culture ® mediimi (Gibco BRL Co. , Ltd. ) and lipofectamine were mixed wife 
Lipof e ctamin e (a transf e ction r e ag e n tt ogether , manufactur e d by Gibco BRL Co.) 
according to th e protocol suppli e d with Lipof e ctamin e . Aft e r and after 15 -minute 
minut e s inculation , the mixture was added to the cells in each well. The amounts of 
Lipof e otamin e D NA and DN Alipofectamine used were , r e sp e ctiv e ly, 1 \^\x% and 4 i=f]xl-^eF 
we U, respectively . After 5 -hour heuf sincubation , the etritufe-medium was removed^ and 
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l ml of DMEM etritee-medium (Gibco BRL Co. , Ltd. ) containing 10% fetal-bovine fetal 
serum was added to e ach w e ll. Th e plates w e r e incubat e d for 2 - 3 days at 37°C and 
cultured in a CO2 incubator (5% at 37°C for 2 to 3 days . The COS-7 cells 
transf e ct e d obtained after transfection and cultur e d subsequent culture for 2- to 3 days-4H 
this mann e r were washed with a-serum-free DMEM-ettltuFe medium. Then, 200 t^jal of a 
cultur e m edium for-^ binding assa vexperiment (serum-free DMEM cultur e m edium 
containing 0.2% ealfbovine serum albumin, 20 mM Hepes buffer, 0.1 mg/ml heparin^ and 
0.02% NaNa) with further containing 20 ng/ml of ^^^I-labeled OCIF was added thereto 
was add e d to e ach w e ll Aft e r culturing for on e hour at 37°C Cells were cultured in a CO7 
incubator (5% CO? ), th e c e lls w e r e at 37'^C for 1 hour and washed twice with 500 t^jil of 
arphosphate buffered saline solution containing 0.1 mg/ml heparin. After washing, 500 

of 0.1 N NaOH solution was added to e ach w e ll. Th e plat e s w e r e allow e d thereto, 
and then left to stand for 10 minut e s at room temperature for 10 minutes so as to lyise the 
cells. The amoimt of ^^^I in each well was measured usa jgwith a gamma counter 
(Packard Co. , Ltd. ). On e DNA pool containing cDNA e ncoding th e prot e in which 
sp e cifically binds to OCIF was found b y After screening a total oft he 500 pools . Th e in 
total, a DNA pool containing feea cDN A encoding a protein that could specifically bind 
OCIF was fiirth e r divid e d isolated. Furthermore, the DNA pools containing the cDNA of 
the present invention were subfractionated , and then employed to repeat the above- 
d e scrib e d transfection and screenin g op e rations w e r e rep e at e d to isolat e th e . Thereafter, 
a cDNA which e ncod e s th e encoding a protein which bindscould t ebind OCIF was 
isolated . TheA plasmid containing thise cDNA was ftame dreferenced pOBM291. The 
Esch e richia g^ coli containing thise plasmid was deposited withat Tthe National Institute 
of Bioscience and Human -Technology, Agency of Industrial Science and Technology^ 
Biot e chnology Laboratory, as pOBM291 on May 23, 1997 und e r with the deposition 
No rnumber of FERM BP S953.Tho mothodo of 5953 on May 23, 1997. Methods for ^^^I- 
labeling of OCIF with ^ ^and quantitativ e analysis of determining ( the concentration of) 
^^^I-labeled OCIF by ELIS A are shown as bele wfollows . Labeling of OCIF was ^^^I- 
labeled in accordance with was carri e d out according to th e lodogen method. 
Tw e nty 20 of 2^2.5 mg/ml lodogen-chloroform solution was adde dtransferred to a 
1 .5 ml Eppendorf tube^ and chloroform was evaporated by h e ating at 40^0 ? so as to 



-66- 



prepare an lodogen-coated tube. Th eAfter the tube was washed three times with 400 

of 0.5 M sodium phosphate buffer (Na-Pi, pH 7.0), aft44a5 t^jil of 0.5 M Na-Pi (witha 

pH of 7.0) was added thereto . Immediately after th e addition of 1.3 l:*|il (18.5 MBq) of 

Na-'^^I solution (NEZ-033H30rAmersham Co. 4, Ltd., NEZ-033H20) was added thereto , 

10 ^lil of 1 mg/ml rOCIF OCIF solution (monomer type or dimmer type) was added4e 

th e tub e. Aft e r mixing th e cont e nts The resulting solution was agitated with a volrtex 

mixe r, th e tub e was allow e d and then left to stand at room temperature for 30 seconds. 

Theis solution in th e tub e was transferred to a tube tein whic h 80 pi of 10 mg/ml 

potassium iodide, 80 |il of 0.5 M Na-Pi solution (pH 7.0) and 5 iJ^yl of-a phosphate 

buffered saline solution containing 5% bovine serum albumin (BSA-PBS) wer ewas 

previously added and then agitated . Aft e r stirring, th e mixtur e This solution was applied 

to a spin column (1 ml, G-25 fine, manufactur e d by P harmacia Co. , Ltd. ) equilibrated 

with BSA-PBS^ and th e column was c e ntrifiiging for 5 minut e s centrifiiged at 200 02,000 

rpm for 5 minutes . FewAfter himdr e d 400 ^J^yX of BSA-PBS was added to th e fraction 

eluted an eluate from the colum n. Aft e r stirrin g and mixed , 2 ^jal of an ahquot of this 

solution w as sampl e d to m e asur e th e subfractionated and its radioactivity b vwas measured 

with a gamma counter. The radiochemical purity of fee-^ ^ lab e l e d OCIF solution thus 

prepared ^^^I-labeled OCIF solution w as determined by measuring the radioactivity of a 

fraction p recipitated bywith 10% TCA. ^ ^Furthermore, the biological activity as OCIF 
1 9s 

of the I-labeled OCIF solution was m e asur e d according to th e determined in accordance 
with a method e fdescribed in WO 96/26217. Tb eMoreover, the concentration of tbe-^^^I- 
labeled OCIF was d e t e rmin e dm easured by-fee ELIS A as follows in the following manner . 
Sp e cificall v That is , 100 i^yl of 50 mM NaHCOs (pH 9.6) in which th e2 ug/ml of anti- 
OCIF rabbit polyclonal antibody described in WO 96/26217 was dissolved te-a 
conc e ntration of 2 | Jg/ml w as added to each well of a 96-well immuno plat e immunoplate 
( MaxiSorp™, a product of N xmc Co. ). Th e plat e was allowe d , Ltd., MaxiSorp) and left 
to stand ov e r night at 4^C overnight . After r e moving th ethis solution b vwas 
suetie nremoved , 300200 of Block Aco™ a combined solution of of BLOCKACE 
(Snow Brand Milk Products Co., Ltd.) /and p hosphate buffered saline solution (mixing 
ratio = 25/: 75^: (B-PBSBPB) was added to each well . The plat o was and then allow o d left 
to stand for two hours at room temperature for 2 hours . After r e moving th ethis solution 
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b ywas s«etiem;emoved, tbe -each wells-wef e was washed three times with phosphate 
buffered saline solution (P-PBS) containing 0.01% Polysorbate 80 (P PBS). 80. 
Nex tThereaften 100 t^iil of B-PBS containing^ ^^^I-labeled OCIF or standard OCIF was 
added to e ach w e ll Th e plat e was th e n allow e d thereto and left to stand for two hours at 
room temperatur e for 2 hours . After r e moving th ethis solution b ywas suetie nremoved , 
each well was washed six times with 200 t^fjxl of P-PBS. On e hundr e d ul o f Then, a 
peroxidase-labeled rabbi^anti-OCIF rabbit p olyclonal antibody was diluted with B-PBS 
and 100 fil of the diluted solution was added to each well . Th e plat e was allow e d and 
then left to stand for two hours at room temperature for 2 hours . After r e moving th ethis 
solution b ywas sttetie nremoved / tbe -each wells-wer e was washed six times with 200 
of P-PBS. Then, 100 l^jal of TMB solution (TMB Soluble Reagent, High Sensitivity, 
Scytek Co. , Ltd. ) was added to each well . Aft e r incubating th e plat e and then left to 
stand at room temperature for 2- to 3 minutes . Thereafter , 100 iJ^yl of stopping solution 
(Stopping Reagent^ {Scytek Co. . Ltd.) was added t ethereto. The absorbance of each welU 
Absorbanc e at 450 nm of e ach w e ll w as measured usin g with a microplate reader. The 
concentration of the_ I-labeled OCIF was determined bas e d on from a calibration curve 
tow^ miade using the-standard pr e paration of OCDF. 

(4) Determination of the HNucleotide sSequence of the -cDNA encodin g Which 
Eccodes the e ntir e amino acid s e qu e nc e FuU Length Amino Acid Sequence of OBM 

The nucleotide sequence of the-OBM cDNA obtained in-the Example 8-(3) was 
determined using-awith Taq Dy e D e ox y Dye Deoxv Terminator Cycle Sequencing kit (a 
product of Perkin Elmer Co. , Ltd.) . Sp e cificall y That is, using pOBM291 as a template , 
the nucleotide sequence of the inserted fragment was directly determined-usiftg 
pOBM291 as a t e mplat e. Fragm e nts with a l e ngth o f Furthermore, about 1.0 kb and about 
0.7 kb which w e r e fragments obtained by dig e stin g cleaving pOBM291 with a restriction 
enzyme^ EcoRI^ were inserted into-fee EcoRI site of plasmid pUC19 (Takara Shuzo Co.^ 
Ltd. ) and sequenced, respectively . Th e nucl e otid e s e qu e nces of th e s e fragm e nts w e r e 
also d e termin e d. Th e following prim e rs were used: A.primer SRR2 which was us e d to 
d e t e rmin e nucl e otid e s e qu e nc e s o f for sequencing the DNA fragments inserted intein 
pcDL-SR a5a296, primers M13PrimerM3 and M13PrimerRV ( both manufactur e d by 
Takara Shuzo Co. , Ltd. ) which w e r e us e d to d e t e rmin e for sequencing the nucl e otid e 
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s e queno e s of DNA fragments inserted iet ein the plasmid pUC19, and synth e siz e d a 
synthetic primer OBM #8 designed based on the nucleotide sequence of 
OBMcDN A OBM cDNA were used . S e qu e nc e s The sequences of these primers are 
shown as th e S e qu e nc e SEO ID Ne rNOs: 3 to No. 6 in th e s e qu e nc e table. 6. 

In addition F urthermore , the determined nucleotide sequence of OBMcDNA OBM 
d e t e rmin e d cDNA is shown as Sequ e nc e SEO ID No rNO: 22^ and the deduced an amino 
acid sequence d e t e rmin e d th e r e from is shown as th e Sequ e nc e SEO ID Nor NO: 1 . 
<[Example 9>1 

Expression of the ^Protein eEncoded by the cDNA of the ^Present ilnvention 

Plasmid pOBM291 was COS-7 cells were transfected into COS 7 coUs with 
plasmid pOBM291 with lipofectamine in each well of a 6-well plate-using 
Lipof e ctamin e ^ and th e transf e ct e d COS 7 c e lls were cultured for two days in DMEM 
medium containing 10% fetal-bovine fetal serum for 2 days . The medium was replaced 
with a-cysteine-/methionine-free DMEM CDainippon S e ivaku Co DAINTPPON 
PHARMACEUTICAL CO .. Lt dLTD .) (800 ul/w e ll) containin g in which 5% dialyzed 
fetal-bovine fetal serum:r-Th e (800 [nl/well) was added, and the cells were cultured for 
another 15 minutes . Then, follow e d by th e addition of 14 of Express Protein 
Labeling Mix (NEN CO., LTD., 10 mCi/ml , manufactured by >nEN Co. ) was added 
thereto . After culturin g the cells were cultured for few4 hours, 200 i=fjil of DMEM 
includin g medium containing 10% fetal-bovine fetal serum was added , and the cells were 
cultured for 1 hour . Afte r on e hour culturing, the cells were washed twice with PBSt 
Then, 0.5 ml of a-TSA buffer (10 mM Tris-HCl (pH 8.0) containing 0.14 M NaCU and 
0.025% NaNa)^ containing 1% TritonX Triton X -100, 1% bovine hemoglobin, 10 i^yg/ml 
leupeptin, 0.2 TlU/ml aprotinin ? and 1 mM PMSF^ was added^ and the mixtur e was 
allow e d cells were left to stand for on e hour on ice for 1 hour . GeH sAfter the cells were 
dismpt e d crushed by pipettin g, centrifiigation was carried out at 3,000 xg at 4°C and 
c e ntrifiig e d at 3000 x g for 10 minutes atso 4^as to obtain a^supematant. To 100 [il of 
this supernatant, 200 ^=^JIl of dilution buffer (TSA buffer containing 0.1% TritonX Triton 
X-100, 0.1% bovine hemoglobin, 10 ^J^iig/ml leupeptin, 0.2 TlU/ml aprotinin ^ and 1 mM 
PMSF) was added to 100 ul of this , and the resulting supernatant . Th e mixtur e was 
shaken for on e hour at 4 °C together with pProtein A Sepharose® (50 ^|xl) . Th e r e sultant 
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mixtur e was at 4°C for 1 hour, and then centrifiiged at 1500 x 4°C and 1,500 X g for enei 
minute atso 4^as to collect a supernatant . Thereby , and th e reby a fraction (s) which is 
non sp e cifically adsorb e d nonspecificallv binding to the Protein A Sepharose® was 
removed. OCIF (1 ^jig) was added to this supernatant^ and the mixtur e obtained 
supernatant was shaken at 4°C for enei hour to achiev e th e binding o f so that OBM 
bound OCIF to OBM . Aftt iThen, an anti -OCIF polyclonal antibody (50 ti^gg) was added^ 
and the mixtur e solution was shaken at 4^C for enei hou r at 4 ^C . Then, Protein A 
Sepharose® (10 i^ixl) was further added, and the mixtur e solution was further shaken at 
4^C for a nanother additional! hou r at 4 ^C, follow e d by c e ntrifug e . The solution was 
centrifuged at 1,500 xg at 1500 x g 4°C for 1 minute at 4 °C to coll e ct and the precipitated 
fraction was collected. The p recipitate . Th e pr e cipitat e resulting fi-om centrifugation at 
1,500 xg at 4°C for 1 was washed twice with the dilution buffer, twice with athe dilution 
buffer without bovine hemoglobin - fr ee dilution buff e r , once with TS A buffer, and once 
with 50 mM Tris-HCl (pH 6.5). After washing, SDS buffer (0.125 M Tris-HCl, 4% 
dodecyl sodium dod e cylsulfat e sulfate , 20% glycerol, 0.002% Bbromophenol Bblue, pH 
6.8) containing 10% mercaptoethanol was added to the precipitate. The 
mkte eprecipitate was heated at 100°C for 5 minutes at lOO^C and subjected to SDS- 
PAGE (12.5% polyacrylamide gel, Daiichi Ch e mical P ure Chemicals Co., Ltd.). 
¥h eAfter the gel was fixed according to in accordance with a conv e ntional commonlv used 
method . Isotop e^ signals of isotope were amplified usmgwitii Amplify^ (Amersham 
Co. , Ltd.) , and the sampl efixed gel was exposed to Bio Max BioMax® MR film 
(^^^A KKodak Co. , Ltd. ) at -SO^C. The results are shown in Figur e 8, which indicat e s 
tha tFig. 8. The molecular weight of the protein encoded by the cDNA of the present 
invention has a mol e cular w e ight o f was found to be about 40,000. 
^[Example 10>1 

Binding of the pProtein eEncoded by the cDNA of the ^Present 4Invention to OCIF 

Plasmid pOBM291 was COS-7 cells were transfected into COS c e lls with plasmid 
pOBM291 with lipofectamine in e ach w e ll w ells of a 24-well plate using Lipof e ctamin e . 
Aft e r culturin g and cultured for 2- to 3 days . Then , the cells were washed with serum-fi-ee 
DMEM €ttltee-mediumT -, and 200 \^yl of eultwe-medium for-the binding 
assa vexperiment (serum- free DMEM cultur e medium containing 0.2% ealfbovine serum^ 
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albumin, 20 mM Hepes buffer , 0.1 mg/ml heparin^ and 0.2% NaNs) , supplem e nt e d with 
containing 20 ng/ml of *^^I-labeled OCIF; was added to th e w e lls thereto . To th e oth e r 
wetts Furthermore , 200 jijal of etttturethe medium for the-binding assay to 
whie hexperiment containing 8 /Agyg/ml of unlabelled OCIF had b ee n add e d, in addition 
to 20 ng/ml of the ^^^I-labeled OCIFr was add e d was a dded to other wel ls. Aft e r 
culturing for on e hour at 37°C The cells were cultured in a CO2 incubator (5% C02)7-fee 
c e lls w e re at 37°C for 1 hour, and washed twice with 500 \J^y\ of phosphate buffered 
saline solution containing 0.1 mg/ml ef-heparinT-¥he n. After washing , 500 ]ijal of 0.1 N 
NaOH solution was added to each well^ and then the plate well was allow e d left to stand 
for 10 minut e s at room temperature for 10 minutes so as to dissolv e lvse the cells. The 
amount of ^^^I in each well was measured bywith a ganmia counter. As a result, as 
shown in Figur e 9 a t was confirmed that the ^^^I-labeled OCIF was found to bin d bound 
only to the-cells in whic h transfected with the plasmid pOBM 291 was transf e ct e d 291 as 
shown in Fig . 9. In addition F urthen it was also confirmed that the binding was 
confirm e d to b e conspicuousl v significantly inhibited by fee-addition of (unlab e l e d) OCIF 
a^a 400- fold higher concentratio n of (unlabeled) OCIF . These From these results4iave 
d e monstrat e d , it was revealed that^fe e OBM, a protein-0BM encoded by the cDNA efiof 
the plasmid pOBM291291 specifically binds to bound OCIF on the surface of the 
transf e ct e d COS-7 cells. 
<[Example 11>] 

Crosslinking Experiment of *^^I-labeled OCIF andto the ^Protein eEncoded by the 
cDNA of the gPresent_ invention 

Crosslinldng of ^ lab e l e d monom e r typ e OCIF and the prot e in e ncod e d by th e 
cDNA of th e pr e s e nt inv e ntion was carri e d out in order to inv e sti gat e anal yze the 
characteristics of the protein encoded by the cDNA of the present invention in fiirth e r 
detail more specifically. ^^^I-labeled monomer type OCIF was allowed to crosslink with 
the protein encoded bv the cDNA of the present invention . Aft e r transf e ction o f COS-7 
cells were transfected with plasmid pOBM291 into COS 7 c e lls according to in 
accordance with the method-used - described in-fee Example 8 ::(3), 200 ]J^yl of th e oultiu- e 
medium for fee-binding assay, as d e scrib e d abov e , experiment containin g the above I- 
labeled OCIF (25 ng/ml) was added to th e w e lls thereto . The Furthermore. eulturethe 
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medium for the binding assay to which unlabolod OCEF at experiment containing a 400- 
fold higher concentration was add e d of unlabeled OCIF in addition to the ^^^I-labeled 
OCIF was added to-the other wells. Aft e r culturing for on e hour at 37^C The cells were 
cultured in a CO2 incubator (5% COj \ the colls wer e at 37°C for 1 hour and washed 
twice with 500 of phosphate buffered saline solution containing 0.1 mg/ml of 
heparin. Fiv e hundr e d SOO l=fjil of phosphate buffered saline solution containing 100 
\J^lig/m\ of-a crosslinking agents DSS (^isuccinimidyl suberate, manufactur e d by Pierce 
Co. . Ltd. ) was added to these cells, follow e d by a r e actio n and the cells were allowed to 
react at 0°C for 10 minutes at 0°C. . ^fh e After the reaction, the cells in these wells were 
washed twice with 1 ml of eeW-phosphate buffered saline feolution cooled to O^Q.^Afler 
tho addition o f Then, 100 ^J^yl of 20 mM Hepes buffer containing 1% Triton X-100 
(Wako Pure Chomicalo Co. Chemical Industries , Ltd.), 2 mM PMSF 
(Pphenylmethylsulfonyl fluoride, Sigma Co. ), 10 | JM P e pstatin (Walco Pur e Ch e micals 
€07, Ltd.), 10 \J^iiM L e up e pti np epstatin (Wako Pure Ch e micals Co Chemical Industries, 
Ltd . ), 10 |iM leupeptin (Wako Pure Chemical Industries , Ltd.), 10 jijaM antipain (Wako 
Pure Ch e micals Co. Chemical Industries , Ltd.) and 2 mM EDTA (Wako Pure Chemicals 
go rlndustries , Ltd.) was added to these cells , and the wells were allow e d left to stand-^er 
30 minut e s at room temperature for 30 minute so as to dissolv elise the cells. FifteenAfter 
15 aliquots of these samples were h e at e d in th e pr e s e nc e o ft reated with SDS imder 
non- reducing conditions according to in accordance with a conv e ntional commonly used 
method- ^, they were subjected to electrophoresis with gel for SDS-electrophoresis 
usin g( gradient of 4- to 20% polyacrylamide gradi e nt g e l (Daiichi Pur e Ch e mical Co^ ^ 
DAIICHI PURE CHEMICALS CO ., LtdLTD.). After-the electrophoresis, the gel was 
dried and exposed for 2 4 hours at SO'^C to a-BioMax® MS film (Kodak Co. , Ltd. ) using 
awith BioMax® MS sonsitizatio n amplifving screen (Kodak Co. , Ltd.) at -80°C for 24 
hours . The exposed films waswere developed according to in accordance with a 
conv e ntional conmionly used method. As a r e sult, a band with a mol e cular w e ight of a 
rang e of 90, 000 11 0,000, shown in Figur e 10, was d e t e ct e d b v results of crosslinking of 
the *^^I-labeled monomer type OCIF andwith the protein encoded by the cDNA of the 
present inventio n, a band having a molecular weight of about 90,000 to 1 10,000 was 
detected as shown in Fig . 10. 
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<[Example 12>} 

Northern blotting Blot aA nalysis 

ST2 cells were cultured to become confluent in a 25 ^cm T flask^ for attach e d 
c e ll cultur e s w e r e culturing adherent cells, and treated with trypsin-an d. After being 
stripped from the T flask . Aft e r washing , the cells were washed and seeded intein a 225 z 
cm^ T flask and cultur e d for 4 days in a CO^ incubator with ^ 60 ml of an-em-MEM 
cultur e mediimi containing 10"^ M of the active-form of vitamin 0^73 10"^ M 
dexamethasonc; and 10% bovine fetal bovin e scru m was added thereto, and the cells 
were cultured in a CO^ incubator for 4 days . TetalThen^Jotal RNA was extracted from 
the above- cultured ST2 cells ttsingwitii ISOGEN (Wako Pure Chemicals Go rLidustries , 
Ltd.). ^Ht eln addition, total RNA was atee-extracted in th e sam e mann e r from ST2 cells 
which w e r e cultured in the absence of the active-form of vitamin D3 and dexamethasoncT 
Afte r in accordance with the addition o f above method. To 20 fig (4,5 |il) of each total 
RNA sample, 2.0 of 5X gel electrophoresis buffer solution (0.2 M morpholino 
propan e sulfonic morpholinopropanesulfonic acidj {pH TtO ^T.O), 50 mM sodium acetate, 5 
mM EDTA)-and^ 3.5 ^ix\ of formaldehyde^ and 10.0 iJjil of formamide to 20 |Jg ( 4 .5 pi) 
of e ach of th e total RNAs, th e mixtur e s were added. The total RNA samples were 
incubated at 55^C for 15 minutes at 55°C and subjected to electrophoresis. Th e g e l Gels 
for electrophoresis was pr e par e d according to th e formulation consisted of 1 .0% agarose, 
2.2 M d e ioniz e d ionized formaldehyde, 40 mM morpholinopropan e 
Gulfonic morpholinopropanesulfonic acid (pH 7.0), 10 mM sodium acetate^ and 1 mM 
EDTA. ^Fb eMoreover, the electrophoresis was carri e d ou t performed in a-buffer solution 
e fcomprising 40 mM morpholino propan e sulfonic m orpholinopropanesulfonic acid^ (pH 
TtO ? 7.0), 10 mM sodium acetate^ and 1 mM EDTA. After the electrophoresis, the RNA 
was transferred enteto nylon membranes. About 1 .0 kb DNFA fragments-wa s were 
obtained by dig e stin g cleaving pOBM291 with a restriction enzyme, EcoRIt 
Hybridization was carri e d out using this DNA fragment , and labeled with a M e gaprim e 
DNA lab e ling Icit (Am e rsham Co.) and o gc-^^pP-dCTP (Amersham Co.4 ;, Ltd.) using 
MEGAPRIME DNA Labeling Kit (Amersham Co., Ltd.), and thus used as a prob e probes 
for hybridization . As a result, as shown in Figur e 1 1, it was confirm e d r evealed that when 
ST2 c e lls w e r e cultur e d in th e pr e s e nc e of activ e form vitamin and d e xam e thason e , 
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gene expression of the protein (OBM) encoded by the cDNA of the present invention 
(OBM) w as isstrongly induced strongl v in the ST2 cells cultured in the presence of the 
active- form of vitamin and dexamethasone . 
<[Example 13>] 

Ost e oclasts formation supporting capabt KtvAbilitv of the gProtein eEncoded by the 
cDNA of the pr e s e nt inv e ntion Present Invention to Support Osteoclast Formation 

pOBM291 was transf e ct e d into COS c e lls according to In accordance with the 
sanie method described in the-Example SiS ^(3\ COS-7 cells were transfected with 
pOBM219. After fee e3-dav dav sincubation . trypsiniz e d the cells were treated with 
trypsin and then centrifuged- washed once with phosphate buffered saline solution-by 
c e ntrifugation . Then , fe^ the cells were fixed wi feat room temperature for 5 minutes in 
suspension of PBS containing 1% paraformaldehyde at room t e mp e ratur e for 5 minut e s , 
follow e d by washing with PBS and then centrifiiged-washed six times b ywith 
c e ntrifiigationP BS. 700 ul of 1 X 10^ /ml mouoo Mouse spleen cells and 350 ul of 4 X 
W^-^ST2 cells whi^ -were susp e nd e d in o prepared with a -MEM cultur e medium 
containing 10*^ M of the active-form of vitamin D3, 10^ M dexamethasone^ and 10% 
bovine fetal bovin e senrnir-wer e so that the cell concentration become 1X10^ cells/ml or 
4X10"^ cells/ml and then added to a 24-well plate^ - in a volume of 700 \x\ and 350 [iL 
respectively. Furthermore, TC insert (Nunc Co. , Ltd.) was set in each well. The abov e 
d e scrib e d fixed COS cells (350 t^^il) diluted to various conc e ntrations stepwise with the 
above m e ntion e d cultur e medivmi and OCIF solution (50 ^ix\\ were added to-the TC 
inserts and culture d at 37^C for 6 days at 37^C . As a result, it was confirm e d revealed 
that th e ost e oclasts formation inhibitiv ean activity of OCIF can b e inhibit e d to inhibit 
osteoclast formation was suppressed by the protein encoded by the cDNA of the present 
invention. 
<[Example 14>] 

Expression of sSecret edory-fem-tvpe OEM 

0} Construction of a plasmid P lasmid for th e e xpr e ssion of s e cr e t e d Expressing 
Secretorv-4 e mTvpe OBM Expression 

A PCR reaction was carried out using OBM HF ( S e qu e nc e Tabl e , S e qu e nc e SEQ 
ID Ne7 -N0: 7)-and-/0BM XR ( Sequence Table, Soquonco SEQ ID NotNO: 8) and 
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pOBM291 as primers and pOBM291 as a template , respectively . After purification by the 
reaction product was purified through agarose gel electrophoresis, th e product was it was 
digested with the restriction enzymes^ Hindlll and EcoRI, and fothefthen purified 
b vthrough agarose gel electrophoresis again . The purified fi-agment (0.6 kb). Hind 
Hfflindin/EcoRIV fi-agment (5.2 kb) of pSec TagA (Invitrogen Co.), Ltd.) and 
EcoRI/PmaeCI fi-agment (0.32 kb) of OBM cDNA w e r e ligat e d using a a was subjected to 
ligation kit^ve rusing Ligation Kit Ver . 2 (Takara Shuzo Co. . Ltd. ) , and subsequently^ . 
Esch e richia coli DHS-ea was transformed usingb y the r e actio n ligation product. Plasmids 
werewas purified by m e ans of alkali SDS m e thod from the r e sultin g obtained ampicillin z 
resistant strains and dig e st e d by alkaline-SDS method and then cleaved with restriction 
enzymes so as to select a plasmid with fragm e nts of a l e ngth o fw herein 0.6 i^kb and 
0.32 kb bein gof fragments were inserted into pSec TagA. S e l e ct e d The selected plasmid 
was id e ntifi e d as having a subjected to sequencing with Dye Terminator Cycle 
Sequencing FS kit (Perkin Elmer Co.. Ltd.), thereby it was confirmed that the plasmid 
had the sequence encoding th e s e cr e t e d secretory -fe mtype OBM ( nucl e otide 
s e qu e nc e : nucleotides 338-1355 moi S e qu e nc e SEO ID No rNO: 2, amino aeid 
s e qu e nc e : acids 72—316 in th e S e qu e nc e of SEP ID No rNO: 1 ) by s e qu e ncing using a 
dy e t e rminator cycl e s e qu e ncing FS kit (P e rlcin Ehn e r Co.) . Thi sAfter the plasmid was 
digested with restriction enzymes^ Nhel and Xhol to isolat e ^ a fragment (1.0 kb) 
containing th e corresponding to secretedory-fi^ ntype OBM cDNA was collected b y 
agarose gel electrophoresis. This fragment was inserted into ^a Nhel/Xhol fragm e nt 
(10. 4 kb) of an digested expression vector, pCEP4 (10.4 kb) ( Invitrogen Co. , Ltd.) T-usiftg 
a, by using the ligation kit^ and Esch e richia^ , coli DH5-eewasawere transformed 
ttsiftgwith the r e actio n ligation product th e r e of.^ Plasmids w^was purified by alkali SDS 
m e thod^ from the resulting ampicillin -resistant strains obtained, by alkaline-SDS 
method, and digested with the restriction enzymes . Then the plasmid was analyzed so as 
to select an Esch e richia^ ^ coli strain having th e s e cr e t e d form strains which had a plasmid 
for expressing secretory-type OBM expr e ssion plasmid (pCEP sOBM) with the 
eei^eetdesired structure. TheAn Esch e richia g:. coli strain containin g having the pCEP 
sOBM was cultured^ and the p CEP sOBM was purified ^sin gtherefrom with QIA filt e r 
plasmid midi Ici t ® Filter Plasmid Midi Kit (QIAGEN €e CO., LTD .). 
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(2) Expression of sSecret e dorv-fe fm Tvpe OBM 

293-EBNA cells were suspended in IMDM containing 10% PCS (IMDM-10% 
FCSX and seeded intein a collagen-coated 24- well plate coat e d with collag e n 
( manufactured by Sumitomo Balc e lit e Co SUMITOMO BAKELITE CO .. fetdLTD.) in-aso 
that the cell d e nsit v concentration e fwas 2xX 10^ cells /2 ml/well^ and cultured overnight. 
The cells were transfected with 1 \J^\ig of pCEP sOBM or pCEP4 using 4 of 
Mipofectamine (Gibco Co.). Aft e r culturing for two days (GIBCO CO., LTD.\ and then 
cultured in 0.5 ml of a-serum-free IMDM or IMDM- 10%^ ^ PCS for another 2 days. 
Thereafter , the conditioned medium was collected. Expression of th e s e cr e t e d secretory - 
fe mtype OBM in the conditioned medium was confirmed as foUows in the following 
manner . Sodiimi hydrog e n carbonat e A fter sodium hydro gencarbonate was added to the 
conditioned medium te- aso that the final concentration e fwas 0.1 M-and^ the culture 
solution was added to a 96-well plate . Th e plat e was allow e d , and left to stan d at 4°C 
oyemight at 4 *^0, th e r e by immobilizin g . Then the OBM in the conditioned medium 
en was immobilized in the 96-well plate. Th e plat e was fill e d with a Block Ac e ™ This 
plate was left to stand for blocking at room temperature for 2 hours by use of 
BLOCKACE (Snow Brand Milk Products Co., Ltd.) solution diluted four fold w ith PBS 
to be one forth concentration (B-PBS) and allow e d to stand for two hours at room 
t e mp e ratur e to block r e sidual binding sit e s of th e plat e. Aft e r th e addition to e ach w e ll of 
40 0 Then, 100 \^y\ of 3-100 ng/ml efOCIP which was diluted with B-PBS , the plat e was 
aHewe d was added to each well and the wells were left to stand for two hours at 37°C^ 
follow e d b y for 2 hours. After washin g the plate with PBS containing 0.05% Tween 20 
(PBS-T) . Th e n, 100 , 100 jijil of-a peroxidase-labeled mbbit-anti-OCIP rabbit p olyclonal 
antibod y, which was described in WO 96 /26217 which wao 26217, diluted with B-PBS 
was added to each well . After allowin g , and the cells were left to stand at 37°C for twe2 
hours at 37^C, th e wells w e r e wash e d six tim e s . After washing each well with PBS-Tt 
The n six times , alOO |il of TMB solution (TMB Soluble Reagent, High Sensitiyity, 
Scytek Co..^ Ltd.) was added in th e amount of 100 ul p e r w e ll thereto and allow e d then left 
to stand at room temperature for about 10 minutes . Thereafter , wh e r e upon th e r e action 
was t e rminat e d by th e addition of 100 i^yl of a t e rmination solution ( Stopping Reagent^ 
{Scytek Co. , Ltd. ) was added to each well. Absorbanc e The absorbance of each well at 
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450 nm of e ach w e ll was measured bywith a microplate reader. The results are shown in 
Figur e 12 Fig. 12, In the plate in which indicat e ij that substances included in the 
absorbanc e conditioned medium of the cells transduced by pCEP sOBM were 
immobilized, absorption at 450 nm increased according to in the OCIF concentration-ef 
th e add e d OCIF i n dependent maimer. On the other hand, in the plat e in which plate in 
which substances included in the conditioned medium efofthe cells transf e ct e d with 
pCEP sOBM was immobiliz e d. On th e oth e r hand, transduced by pCEP4 vector were 
immobilized, no increase in absorbance absorption at 450 nm was s e en in th e plat e in 
which th e condition e d m e dium of th e c e lls transf e ct e d with v e ctor pCEP 4 was 
immobiliz e d observed . Figm eFurthermore, Fig. 13 shows the results of an e xp e rim e nt 
wh e r e in experiments when the proportio n amount of the conditioned medium which i s 
us e d for a pplied to the immobilization was chang e d varied within a range of 5- to 90% and 
a sp e cific constant concentration of OCIF (50 ng/ml) was futher added. It can b e s ee n 
thathi the absorbanc e plate in which substances included in the conditioned mediimi of the 
cells transduced by pCEP sOBM were immobilized, absorption at 450 nm increased 
accordin g corresponding to the-an increase in the amount of the proportion o f conditioned 
medium. On the condition e d m e diimi i n other hand, in the plat e wh e r e i n plate in which 
substances included in the conditioned medium-^ of the cells transf e ct e d with 
pCEPsOBM was immobiliz e d, wh e r e as transduced by pCEP4 vector were immobilized, 
no sueh-increase in absorbanc e was s ee n in th e plat e wh e r e in th e condition e d m e dium of 
th e c e lls transf e ct e d with v e ctor pCEP 4 was immobiliz e d absorption was observed . From 
these results, i tsecretorv-type OBM was confirmed that s e cr e t e d form OBM is to be 
produced intein the conditioned medium of the cells transfeducted-^with - by p CBEP 
sOBM. 

<[Example 15>] 

Expression of tThioredoxin-OBM fusion ^Protein (Trx-OBM) 

(1) Construction of a thior e doxi n Vector for Expressing Thioredoxin-OBM fFusion 
pProtein (Trx-OBM) e xpr e ssion v e ctor 

TenlO \J^y\ of lOlOX ExTaq buffer ( Talcara Shuzo Co TAKARA SHUZO CO., 
LTD.), 8 i^yl of 10 mM dNTP (Talcara Shuzo Co dNTPS (TAKARA SHUZO CO., 
LTD .), 77.5 V^yl of steriUzed distilled water, 2 of an aqu e ous p OBM291 solution-ef 
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pOBM291 (10 ng/^i^iil), 1 fiiil of primer 0BM3 (100 pmol/^ifjal, S o quonco Tablo, 
S e qu e nc e SEO ED NerNO: 9), 1 iJ^iil of primer 0BMSalR2 (100 pmol/l:fjal, Soquonco 
Tablo, S o quonco SEQ ID NerNO: 10); and 0.5 ^ixl of ExTaq (S^jx/l^til) (Takara Shuzo 
Co. , Ltd. ) were mixed together, and reaetedthen (PGR r e action) was conducted in a 
micro tube contrifug e l tub e for centrifugation . After r e aotin gt he reaction was carried out 
at 95°C for 5 minutes, a^50°C for enei second,-at 55°C for enei minute, a^74°C for 
enei second; and a^72°C for 5 minutes, athe cycle reaction consisting of a r e action at 
96°C for enei minute,-at 50°C for enei second,-at 55°C for enel minute,-at lA^'C for 
eftei second; and-at 72°C for 3 minutes; was repeated 25 times. From th e total r e action 
liquid -After gel electrophoresis through 1% agarose, an approximately 750 bp DNA 
fragment of about 750 bp w as purified by 1% agaros e g e l e l e ctrophor es is usin g from the 
whole reaction solution with QIAEX® II gGel eExtraction l^t (QIAGEN Co. , Ltd. ). 
Th e whol e amount AU of the p urified DNA fragment was dig e st e d cleaved with restriction 
enzymes SaBI and EcoRI (Takara Shuzo Co. , Ltd. ), and subj e ct e d to an 1.5% agaros e g e l 
e l e ctrophor e sis to purify aa DNA fragment-ef about 160 ::bp (Fragm e nt 1), which 
wa sffragment 1) was purified by gel electrophoresis through 1.5% agarose and dissolved 
in 20 iijil of sterilized distilled water. In th e sam e maim e r Similarly , a DNA fragm e nt of 
about 580 bp (Fragm e nt 2) obtain e d by dig e sting 4 {i^jag of pOBM291 and 2 fig of 
pTrxFus (Invitrogen Co., Ltd.) were cleaved with restriction enzymes BamHl and 
BamHI/ EcoRI and BamHI/Sall (Takara Shuzo Co. , Ltd.V mid- a, respectively. A DNA 
fragment ef-abou t 580-bp (fragment 2) and an approximately 3.6 ^kb DNA fragment 
(Ffragment 3) obtain e d by dig e sting 2 | jg of pTrXFus (Invitrog e n Co.) with r e striction 
enzym e s BamHI and Sail (Takara Shuzo Co.) were r e sp e ctiv e ly purifie d therefrom, 
respectively, and dissolved in 20 l=fjal of sterilized distilled water. Th e QIAEXII g e l 
e xtraction kit OIAEX® II Gel Extraction Kit was used for for purifying the purification of 
DNA fragments. Fragments 4 -1, 2 and 3 were ligated by incubating them using DNA 
Ligation Kit Ver. 2 (Takara Shuzo Co., Ltd.) at 16°C for 2.5 hours using DNA ligation 
kit v e r. 2 (Takara Shuzo Co.) . Using th e ligation r e action liqui d Then , Esch e richia ^, coli 
strain GI724 cells (Invitrogen Co. , Ltd.) wa swere transformed according to with the 
Ugation product in accordance with the method described in th e Instruction Manual of an 
instruction manual attached to ThioFusion Expression System (Invitrogen Co. , Ltd. ). A 
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microorganism strain wit h Among the resulting ampicillin-resistant transformants, one 
having a plasmid^ in which themi OBM cDNA fragment ( nucl e otid e s e qu e nc e : 350- 
-1111 in th e S e quenc e of SEQ ID No rNO: 2, amino acid s e qu e nc e corresponding to : 76- 
3 1 6 in th e S e qu e nc e of SEP ID No rNO: 1) is fus e d in fram e was linked to a thioredoxin 
gene in the same reading frame and was selected from th e r e sulting ampicillin r e sistant 
transformants by th e after analysis of restriction maps DNA fragment map obtained by 
dig e stion with restriction e nzvmes enzvme cleavage and DNA s e qu e nc e 
d e t e rmination sequencing . The microorganism obtained strain thus obtain e d w as 
name drefcrenced as GI724/pTrxOBM25. 
£2} Expression of OBM in Esch e richi a g. coli 

Th^GI724/pTrxOBM25 strain and the GI724 containin g strain having pTrxFus 
(GI724/pTrxFus) were r e sp e ctiv e ly culture d six hours with shalcing at 30°C in 2 ml of 
RMG-AmpnetrifeFe medium (0.6% Na2HP04, 0.3% KH2PO4, 0.05% NaCl, 0.1% NH4CI, 
1.2% casamino acid (Difco Co. , Ltd. V 1% glycerol, 1 mM MgCb^-ajid 100 \3t^m\ 
ampicillin (Sigma Co. , Ltd.) , pH 7.4) with shaking at 30^C for 6 hours . Th e broth 0.5 ml 
of the bfeth cell suspension was added to 50 ml of Inductio n cultur e medixmi (0.6% 
Na2HP04, 0.3% KH2PO4, 0.05% NaCl, 0.1% NH4CI, 0.2% casamino acid, 0.5% glucose, 
1 mM MgCl2, 100 i^jog/ml ampicillin, pH 7.4) and cultured with shaking at 30°C. Wh e n 
^^QOfl ffl r e ach e d about 0.5, L-tryptophan was added te- aso that the final concentration 
e fwas 0.1 mg/m U follow e d by shalcin g when the e^lfaf evalue at OD^nn became about 0.5, 
and the cells were further cultured at 30°C for an additional 6 hours. The ettltwecell 
bre fesuspension was centrifuged at 300 03,000 g to coU e ct and the collected cells? 
which wer e then suspended in 12.5 ml of PBS (10 mM phosphat e p hosphoric acid buffer, 
0.15 M NaCl, pH 7.4). The suspension was subjected to an ultrasonic 
g e n e rato r ultrasonication using a ultrasonicator (Ultrasonics Co. , Ltd. ) teso disrup t that the 
c e lls. Th e disrupt e d cells were crushed and then centrifuged at 7000 x 7,000 X g for 30 
minutes to obtain a . The recovered supernatant Mqui dwas used as a-soluble protein 
fraction. TenlO of thise soluble protein firactio n solution was subjected to SDS 
polyacrylamide (10%) electrophoresis under reducing conditions. As a result, a band 
wit hhaving a molecular weight of about 40 kDa ¥4rieh-was observed in the soluble 
protein firaction solution of GI724/pTrxOBM25. while not d e t e ct e d observed in the 
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soluble protein fraction solution of GI724/pTrxFus was found in th e soluble prot e in 
fraction of GI724/pTrxOBM25 (Figur eFig, 14). Accordingl v Thus , it was confirmed that 
athe thioredoxin-OBM fusion protein (Trx-OBM) of thior e doxin and OEM was 
expressed in Esch e richia^ coli, 

£3} Binding capabilit v Abilitv of Trx-OBM to QCIF 

Binding o fl n the following experiment, it was confirmed that the expressed Trx- 
OBM bound to OCIF was confirm e d according to the following e xp e rim e nt . Anti- 
thioredoxin antibody (Invitrogen Co. , Ltd.) which was diluted to 5000 fold with 10 mM 
sodiimi hydrog e n carbonat e hvdrogencarbonate solution so that the concentration was 
1/5,000. 100 |il thereof w as added to each well of a 96-well immunoplate (Nunc Co.^ 
Ltd. ) in tho amount of 100 pi p e r w e ll. Aft e r b e ing allow e d and then left to stand at 4°C 
overnigh t at 4 °C, th e liquid in th e w e lls . After the solution in each cell was discardedr 
Two himdr e d , 200 of a solution prepar e d by diluting Block Ac e ™ of 1/2 
concentration of BLOCKAGE (Snow Brand Milk Products Co., Ltd.) twe-fel ddiluted 
with PBS (BA-PBS) was added to each well . Aft e r b e ing allow e d and then left to stand 
for on e hour at room temperature x for 1 hour. After the solution was discarded-m d, 100 
\x\ of the soluble protein fi-actions originatin g fi-action solution derived fi-om th e abov e 
d e scrib e d GI724/pTrxOBM25 e fwhich was diluted stepwise with BA-PBS and 100 ul of 
that derived firom GI724/pTrxFusr-ea ^ which was diluted stepwise with BA- PBS in 
various conc e ntrations BPB were added to e ach w e ll in th e amount of 100 |JL Aft e r b e ing 
allow e d wells and left to stand for two hours at room temperature ^ for 2 hours, 
respectivelv. After washing each w e ll was wash e d well three times with PBS-T-md 
charged with^ 100 of OCIF (100 ng/ml) which was diluted with BA-PBS^^^Vfter 
b e ing allow e d was added to each well and left to stand for two hours at room 
temperaturer-eaeh - for 2 hours. After washing each w ell was wash e d three times with 
PBS-T and charg e d with .^ 100 of peroxidase- labeled rabbit anti- OCIF rabbit 
polyclonal antibody fd e scrib e d desribed in WO 96/ 26217) 26217, which was diluted 
2,000 fold with BA-PBS . Aft e r b e ing allow e d so that the concentration was 1/2,000, was 
added to each well and left to stand for two hours at room temperature^ead^ - for 2 hours. 
After washing each well was wash e d six times with PBS-T and charg e d with^ 100 of 
TMB solution (TMB Soluble Reagent, High Sensitivity, Scytek Co. ). After being 
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allow e d , Ltd.) was added thereto and then left to stand at room temperature for about 10 
minutes at room t e mp e rature . Thereafter , e ach w e ll was charg e d with 100 ^^il of 
t e rmination solution ( Stopping Reagent^ (Scytek Co. , Ltd. ) was added thereto . 
Absorbance of each well at 450 nm was measured b vwith a microplate reader. The 
results are shown in FigweFig, 15. Th e r e was When the concentration of the soluble 
protein fraction solution derived from GI724/pTrxFus increased, the absorbance 
increased in a concentration (of the added solution)-dependent manner, while no 
difference in absorbance was observed b etween th e sampl e with when the soluble protein 
fraction originatin g solution derived from GI724/pTrxFus was added th e r e to and the 
sampl e without th e addition of this when said soluble protein fractio n solution was not 
added. On th e oth e r hand F urthermore , th e absorbanc e incr e as e d in th e sampl e s to which 
th e solubl e prot e in fraction originating from GI72 4 /pTrxOBM25 was add e d in proportion 
to th e conc e ntration of th e solubl e prot e in fraction F ig . Th e 16 shows the results of ^ 
oth e r e xp e rim e nt wh e r e in experiments when the dilution rate of the soluble prot e in 
fraction solution was maintain e d kept constant (1%) whil e addin g and OCIF diluted 
stepwise with BA-PBS in diff e r e nt conc e ntrations (0-100 ng/ml) ar e shown in Figur e 
44 7was fiirther added. It can b e s ee n that th e absorbanc e r e main e dA bsorbance was kept 
low at any concentrations regardless of the concentration of OCIF in sampl e s using aw hen 
soluble protein fraction originatin g solution derived from GI724/pTrxFus was added. 
However , wh e r e as th e absorbance was increased in proportion to th ean OCIF 
concentratio n in th e sampl e s to which th e detendent manner when soluble protein 
fraction originatin g solution derived from GI724/pTrxOBM25 was added. Bas e d on th e s e 
r e sults Thus , it was confirmed that the Trx-OBM which is produced fremin 
GI724/pTrxOBM25 has a capability of bindin g had an abilitv to bind OCIF. 
(4) Large - sScale cultivation Culture of Esch e richi a ^, coli which produc e s Producing 
Trx-OBM 

GI724/pTrxOBM25 c e lls wer ew as spread on an RMG-Amp agar medium (0.6% 
Na^^HPOd, 0.3% KH2PO4, 0.05% NaCl, 0.1% NH4CI, 2% casamino acid, 1% glycerol, 
1 mM MgCb, 100 1^]xg/ml ampicillin, 1.5% agar, pH 7.4) usingwith a platinum transf e r 
loop . Th e c e lls w e r e and cultured at 30°C overnight at 30°C . The cultured cells were 
suspended in 10 ml of Induction medium. ¥h e5 ml of the suspension was added 5 ml for 
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eaeh-to two of 2 1 Erl e nm e y e r L conical flasks containing 500 ml of Induction medium 
and cultured at 30°C withb v shakin g at 30°C . Wh e n th e OD ^QQft ffl roachod about 0.5, L- 
tryptophan was added te- aso that the final concentration e fwas 0.1 mg/ml . Culturing with 
when OD^ value became about 0.5, and then the cells were further cultured by shaking 
wasat continu e d 30*^C for si?t6 hours at 30°C . The cultur e cell bre fesuspension was 
centrifuge d at 3,000 X g for 20 minutes at 3000 x g to coll e c t and the cells , which were 
collected and then suspended in 160 ml of PBS. The suspension was subjected to 
ustrasoniaction using an ultrasonic g e n e rato r ultrasonicator (Ultrasonics Co. , Ltd. ) te 
disrupt th e for crushing cells . Th e supernatant liquid was , and then centrifuged at 7,000 X 
g_for 30 minutes at 7000 x g to obtain a . Thereafter, the supernatant was recovered as 
soluble protein fi-action. 

(5) Preparation of OCIF-inmiobilized a Affinity eColumn 

Twe2 g of TSKgel AF-Telresyl TeyepalTOYOPAL 650 ( Tosoh Corp Toso Co., 
Ltd.) and 40 ml of 1 .0 M potassium phosphate buffer (pH 7.5) containing 35.0 mg of 
recombinant OCIF , which was prepared according to th e b v a method described in WO 
96 /26217, 26217 were mixed . Th e mixtur e was together and gently shaken at 4°C 
overnight at 4 °C to e ff e c t so as to cause a coupling reaction. Th e r e action mixtur e was 
c e ntrifug e d to r e mov e After the supernatant . To inactivat e e xc e ss activ e r e sidu e s was 
removed by centrifugation , 40 ml of 0.1 M Tris-HG lhvdrochloric acid buffer (pH 7.5) 
was added to the precipitated carrier^ and the mixture was gently shaken at room 
temperature for enei hou r. Th e carri e r^ i n a column was wash e d order to inactivate an 
excess amoimt of active groups thereon. After washing the column with both 0. 1 M 
glycine-H Qhydrochloric acid buffer (pH 3.3) containing 0.01% Polysorbate 80 and /0.2 
M NaCl and 0.1 M sodium citrate buffer (pH 2.0) containing 0.01% Polysorbate SO-md 
/0.2 M NaCl . Th e carri e r in the column was e quilibrat e d by chargin g, the column was 
washed twice with 10 mM sodium phosphate buffer (pH 7.4) containing 0.01% 
Polysorbate &O 78O and equilibrated therewith. 

(6) Purification of Trx-OBM uUsing OCIF-ihnmobilized a Affinity eColumn 
Unl e ss oth e rwis e indicat e d, purification P urification of Trx-OBM was carried out 

at 4°C unless otherwise stated . The above- m e ntion e d OCIF-immobilized affinity carrier 
(10 ml) and the above soluble protein fractio n solution (120 ml) pr e par e d described in 
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Example 152(4) were mixed together . The mixture was gently shaken ovemight at 4 °C in 
four 50- ml centrifug eation tubes usin | g with a roto r at 4°C ovemight . A aThe carrier in 
the mixture was embeded in Econo ■ column™ Column (Bio-Rad Co., Ltd.. internal 
diameter: 1.5 cm, length: 15 cm , manufactur e d by BioRad Co. ) was fill e d with th e 
carri e r in th e mixtur e. The column was charg e d washed with 300 ml of PBS containing 
0.01% Polysorbate 80, 100 ml of 10 mM sodium phosphate buffer (pH 7.0) containing 
0.01% Polysorbate 80 and 2 M NaCl^ and 100 ml of 0.1 M glvcine-HG lhvdrochloric acid 
buffer (pH 3.3) containing 0.01% Polysorbate 80 and 0.2 M NaCl , in that ordor.^ 44e3et^ 
prot e ins adsorb e d i n Then, protein was eluted from the colunm w e r e e lut e d w ith 0. 1 M 
sodium citrate buffer (pH 2.0) containing 0.01% Polysorbate 80 and 0.2 M NaCl. The5 
ml eluate was -fractions were collecte d in 5 ml portions. . Each fraction thus coll e ct e d was 
imm e diately neutraliz e d with additio nl mmediately, a 10% volume of 2 M Tris 
bttSS^solution (pH 8.0) was added for neutralization . Pr e s e nc eThe presence or absence 
of Trx-OBM in each fraction of the e lut e d fractions eluate was d e t e rmin e d according 
t eexamined in accordance with the above method pr e viously as described in Example 15^ 
(3) (the binding capabilit v ability to bind OCIF). Th e fractions Fractions containing Trx- 
OBM were collected an d further purified furth e r . 
£7} Purification of Trx-OBM by gGel ffiltration 

Abeu tUsing Centriplus® 10 and Centricon® 10 (Amicon Co., Ltd.), about 25 ml 
of the above Trx-OBM fractions obtain e d i n fraction of Example 15 ::(6) was concentrated 
bv centrifugation to a final volume of about 0.5 ml by c e ntrifug e using Centriplus 10 and 
C e ntricon 10 (Amicon Co.) . This sample was appUe dsubiected to-a Superose® 12 HR 
10/30 column (1.0 30 cm, Pharmacia Co. , Ltd.) previously equilibrated with PBS 
containing 0.01% Polysorbate 80. For th e s e paration, The column was developed using 
PBS containing 0.01% Polysorbate 80 was us e d as a mobile phase at a flow rate of 0.25 
ml/min^-^Fh e and 0.25 ml eluate fractions were collected from the column was coll e ct e d 
in 0.25 ml portions. . The-Trx-OBM in the thus coll e ct e d fractions was detected by the 
s^ne-method as pr e viously described in Example 15::(3) and by SDS-polyacrylamide 
electrophoresis ( gradient gel of 10- to 15% polyacrylamide-gel, Pharmacia Co ., Ltd .) 
using Phast System (Pharmacia Co ., Ltd .) and silver staining. Fractions (Fr. 20- to 23) 
containing purified Trx-OBM were collected and ^ ^subiected to measurement of Trx- 
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OBM p rotein concentration of Trx QBM was d e t e rmi fted. The measurement-ef4fee 
prot e in conc e ntration was carried out with DC-protein assay kit (Bio-Rad Co.. Ltd.) using 
bovine serum albumin as a standard substanc e using DC Prot e in assay kit (BioRad Co .)r 
^[Example 16>] 

Ost e oclast formation inducing activity of QBM 

Osteoclastogenesis Promoting Activity of QBM 

COS-7 cells were transfected with pOBM291 and pcDL-SR €m296 were 
r e sp e ctiv e ly transf e ct e d into COS 7 c e lls using felipofectamine (Gibco BRL Co. . Ltd.) , 
respectively . TheAfterthe cells were cultured in DMEM containing 10% PCS for enei 
day, trypsiniz e d they were treated with trypsin , plat e d on and seeded in a 24-well plate, in 
which a cover glip sglass (15 mm round shap e, manufactur e d by Matsunami Co. , Ltd. ) m 
2 4 w e ll plat e s a tw as seated, so that the concentration became 5X10"^ cells-^ei^/wellrand. 
The cells were then cultured for ^another two days. Th eAfter washing the culture plate 
was wash e d once with PBS . Th e c e lls w e re fix e d with^ PBS containing 1% 
paraformaldehyde was added thereto, and the cells were incubated at room temperature 
for 8 minutes and fixed . Th eAfter washing the plate enin which the fixed-cells were 
attach e d was wash e d 6 fixed six times with PBS, th^VOO of 1 X 10^ cells/ml 
suspension of mouse spleen c e lls susp e nd e d at 1x10 y^tlcell in eaa-MEM containing 10" 
M of the active- form of vitamin D3, 10'^ M dexamethasone^ and 10% bovine fetal bovin e 
serum w ^was added to each welkell. A_Millicell® PCF (Millipore Co. , Ltd.) was set 
inon each well^ and a700 |il of 4 X 10"^ cells/ml suspension of ST2 cells in the above- 
m e ntion e d cultur e medium ( 4 x lO'^/ml) w e r e was added , 700 \Jil p e r w e ll, into to the 
Millicell® PCF follow e d by incubatio n and cultured at 37°C for 6 days. After the culture, 
the Millicell® PCF was removed, and the plate was washed once with PBS , and th e . The 
cells were fixed with acetone-ethanol solution (50:50) for enei minutCT-Tfeeft, and then 
only the cells e xhibitin g showing tartaric acid- resistant acid phosphatase activity (TRAP 
activity) , which is a specific marker for osteoclasts, were s e l e ctiv e ly stained using 
LEUKOCYTE ACID PHOSPHATASE with leukocyte acid phosphatase kit (Sigma Co., 
Ltd. ). As a result of microscopic observation , TRAP positive c e lls w e r e not d e t e ct e d in 
th e wells in which COS 7 c e lls transf e ct e d with pcDL SR qQ96 w e r e fix e d. In contrast 
using a microscope , 45+ ±18 (average ±± standard deviation, n = 3) TRAP positive cells 
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were observed in the wells in which COS 7 c e lls p OBM291-transfected COS-7 cells 
were fixed, while no cells showing TRAP activity were detected in the wells in which 
pcDL-SR a296- transfected with pOBM291 COS-7 cells were fixed. 
Mor e ov e r Furthermore , it was also confirmed that calcitonin bound to th e s e said TRAP 
positive cells. Bas e d on th e s e findings Therebv . it has b ee n prov e n was revealed that 
OBM bas had an activity to promote osteoclast formation inducing activity . 
<[Example 17>] 

Ost e oclast formation inducing activitv Osteoclastogenesis Promotine Activities of Trx- 
OBM and sSecre tedory-femttyp e OBM 

Q 

Mouse spleen cells were suspended in esa-MEM containing 10* M of the active- 
form of vitamin D3, 10"^ M dexamethasone^ and 10% bovine fetal bovin e serum atin a 
concentration of 2 xX 10^ cells/ ml^— Th e, and 350 ^l of this suspension was added to each 
well of a 24 -well plate in th e amount of 350 ul p e r w e ll . Each w e ll was th e n charg e d 
with-350 j=fjil of athe solutio n pr e par e d (40 ng/ml) obtained by diluting the p urified Trx- 
OBM with the above- m e ntion e d cultur e medium ( 4 0 ng/ml) , 350 l=fjil of solution 
pr e par e d obtained by 10 fold dilutin g the conditioned medium which was produc e d by 
culturing of 293-EBNA cellsr4n- (whic h were transduced by pCEP sOBM or pCEP4 were 
transf e ct e d x ultured in IMDM-10% FCS^ with the above m e ntion e d cultur e medium ?) so 
that the concentraion was 1/10, or 350 \J^yl only of the above mention e d culture mediimiT 
Th e alone was added to each well. Then, a Millicell® PCF (Meillipore Co ., Ltd .) was set 
on each well, to whic h and 600 jijal of ST2 c e lls which was susp e nd e d 4 X 10"^ cells/ml 
suspension of ST2 cell in the above m e ntion e d cultur e mediimi ( 4 x 10 '^AHl)-were added 
to the Millicell® PCF . After the cells were cultured for s«t6 days, the Millicell® PCF 
was removedr-Tb e, and the plate was washed once with PBS-an d. When the cells were 
fixed with acetone-ethanol solution (50: 50) for eftei minute . Th e n , only the cells 
e xhibiting th e showing tartaric acid resistant acidie phosphatase activity (TRAP activity) 
wer e selectively stained usingwitti LEUKOCYTE ACID PHOSPHATASE kit (Sigma 
Co. , Ltd.) . Th e r e sult of microscopic Through observation r e v e al e d that no c e lls 
e xhibiting th e TRAP activity w e r e det e ct e d in th e wells to which no Trx OBM was 
adde dimder a microscope , wh e r e as 106± ±21 (average ±± standard deviation, n = 3) 
TRAP- positive cells were observed in the wells to whic hw hen Trx-OBM was added. 
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while no cells showing TRAP activity were detected in the wells when not added. 
Similarly, whil e no c e lls e xhibiting TRAP activity w e r e d e t e ct e d in th e wolls to which 
condition e d m e dium of 293 EBNA transf e ct e d with pCEP 4 had b ee n add e d, 120± ±31 
(average ^ standard deviation, n = 3) TRAP positive cells were observed in the wells 
t ewhen whiehthe conditioned medixim of 293-EBNA transf e ct e d with pCEPsOBM had 
be^ Kells transduced by pCEP-sOBM was added, while no cells showing TRAP activity 
were detected in the wells when not added. Mor e ov e r Furthermore , it was-afee confirmed 
that calcitonin biounds to these TRAP positive cells. Th e s e r e sults hav e prov e n Thereby, 
it was revealed that Trx-OBM and secretedory-fer ffitype OBM exbibi thad an activity to 
promote osteoclast formation inducing activity . 
<[Example 18>] 

Identity of the pProtein OBM eExpressed by the cDNA of the gPresent invention 
and th e natural typ eNatural-Type OCIF- bBinding gProtein of the ^Present 
ilnvention 

^ — 

(1) p Preparatio n of rabbit anti OBM of Anti-OBM Rabbit ^Polyclonal aAntibody 
Three male Japanese white rabbits (weight: 2.5- to 3.0 kg, suppli e d purchased 

byfrom Kitayama Labesth Co. . Ltd. ) were immuniz e d subjected to hypodermic 

immunization with th e purifi e d OBM (thior e doxin OBM fusion prot e in) produc e d 

according to th e m e thod in Exampl e s 1 4 (6) and 1 4 (7) by subcutan e ously inj e cting 1 

ml/dese of emulsion prepared by mixing 200 i:*jag/ml of Sie-purified OBM fthioredoxin- 

OBM fiision protein), which was obtained in accordance with e qual volum e the methods 

described in Examples 14-(6) and 14-(7), with 200 )ig/ml of Freund's complete adjuvant 

(DIFCO Difco Co.), si^ eLtd.). The immimization was carried out 6 times , onc e a in total 

with one- wee k. T e n days aft e r interval each, and all the blood was collected fi-om the 

rabbits on the 10^^ day counted fi-om the last immunizatio n, th e rabbits w e r e 

e xsanguinat e d . Antibod y An antibody was purified fi-om the fi-actionated serum as 

feHew sin the following maimer . Ammonium sulfat e was add e d to th e That is, the 

antiserum which was diluted two fold with PBS to abe 1/2 concentraion, and ammonium 

sulfate was added thereto so that the final concentration e fwas 40% (w/v%). Aft e r b e ing 

allow e d Then, the antiserum was left to stand at 4°C for enei hour at 4 °C, th e mixtur e 
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wasand centrifuged at 8.000 X g for 20 minutes at 8000 x g to obtain a pr e cipitat e. 
The Thereaften the precipitate was collected and dissolved in a small amliqimot of PBS, 
and then dialyzed against PBS at 4°C , and load e d to . The resulting solution was charged 
onto a Protein G-Sepharose® column ( manufactured by Pharmacia Co. . Ltd.) . After 
washe dwashing the column with PBS, th e adsorb e d immxmoglobulin G adsorbed was 
eluted with 0.1 M glvcine-H Qhvdrochloric acid buffer solution (pH 3.0) . Th ee luat e ^ 
and the pH thereof was immediately n e utraliz e d adiusted to be neutral with 1.5 M Tris- 
HGl hvdrochloric acid buffer (pH 8.7). After dialyzing the eluted protein 
fractions fi'action was dialyzed against PBS,4fee absorbance at 280 nm was measured te 
d e termin e th e prot e i n and its concentration was determined (E^^'^'' 13.5). AntiHorseradish 
peroxidase-labeled anti -OBM antibody lab e l e d with hors e radish p e roxidas e w as prepared 
using a mal e imid e activat e d paroxidas e ki t with Maleimide Activated Peroxidase Kit 
(Pierce Co. , Ltd. ) as follows . That is, 80 \J^iig of N-succinimide-S-aeetyl 
thioac e tic acetylthioacetic acid was added to 1 mg of the purified antibody and 
Feaete dallowed to react at room temperature for 30 minutes. FiveS mg of hydroxylamine 
was added t ethereto for deacetvlation, and then the r e sulting mixtur e to d e ac e tylat e th e 
antibody. The modified antibody was fi-actionated bv using a polyacrylamide desalting 
colimm. The protein fi"actions we^ewas mixed with 1 mg of maleimide- activated 
peroxidase and r e act e d for on e hou r allowed to react at room temperature to obtai n for 1 
houn and then the enzyme-labeled antibod v was obtained . 

(2) Capability of rabbit anti OBM polyclonal antibody to inhibit sp e cific binding 

Inhibition of Specific Binding of the p rot e in (OBM) e xpr e ss e d Protein Expressed bv the 
cDNA of the p r e s e nt inv e ntion P resent Invention (OBM) or th e natural tvp e 
pretei nNatural-Tvpe Protein of the pPresent ilnvention- wk h to OCIF bv Anti-OBM 
Rabbit Polvclonal Antibodv 

Purifi e d 2 fxg/ml of purified OBM (thioredoxin-OBM fiisedion protein) obtained 
according to in accordance with the methods described in the-Examples 15^(6) and 15i(7) 
and tb e2 fig/ml of natural itype purified OCIF- binding protein of-fee Example 2^(4) were 
dissolved r e sp e ctiv e ly in 0.1 M sodium carbonat e buff e r to a conc e ntration of 2 
tig^^tt lhvdrogencarbonate. rcspectivelv . An aliquot 100 |j.1 of each solution was added 
100 ulp e rt o each well r e sp e ctiv e ly to of a 96-well immunoplate ( manufactur e d by N unc 
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Co,^ , Ltd . Tho plato wao allowe d ) and then left to stand at 4^C overnight at 1°C . 200 \J^yA 
of 50% Block Ac e BLOCKACE was added to each well and th e plat e was allow e d left to 
stand at room temperature for enei hour. After washing e ach w e ll wells three times with 
PBS containing 0.1% Polysofrbate 20 (P20-PBS), 4O0200 triuaM of rabfeit-anti-OBM 
rabbit antibod y solution which was dissolved in 25% Block Ac e pr e par e d BLOCKACE 
diluted with P20-PBS to a conc e ntratio n , and 100 |il of 200 ue/ml the antibody solution or 
100 [Jl of 25% Block Ac e (containing no BLOCKACE without antibody) was added to 
each wel l follow e d by incubatio n and incubated at 37°C for enei hour. Each w e ll was 
washed After washing wells three times with P20-PBS and charg e d with^ 100 ^=^Jil /w e ll of 
amedium for the binding t e st solutio n experiment (P20-PBS containing 0.2% e^fbovme 
serum albumin, 20 mM Hepesy and 0.1 mg/ml Mieparin) to whic h containing 20 ng/ml of 
the ^^^I-labeled OCIF described in the-Example 8-(3) was added thereto . 
Alt e mativ e l y Furthermore . e ach w e ll was charg e d with 100 i=fjil/weU of anefee miedium 
for the binding t es t solutio n experiment containing 8 ^jig/ml of unlabeled OCIF in 
addition to 20 ng/ml of the I-labeled OCIF was added to other wells . After incubatmg 
these immunoplates at 37°C for eml hour, fee -each wells-wef e was washed six times 
with P20-PBS six tim e s . The amoimt of ^^^I in each well was measured b vwith a gamma 
counter. The results are shown in FigureFig. 17. As shown in th e figur e , both th e 
purifie dFig. 17, neither OBM e xpr e ss e d usin g obtained by expressing the cDNA of the 
present invention and th e prot e in that sp e cifically bin d subsequently purifying or the 
natural itype OCIF sp e cifically binding p rotein of the present inventio n do not bind to^ 
which specifically binds OCIF, boxmd the ^^^I-labeled OCIF at all, w hen th e y w e r e 

treated with the-rafebit anti-OBM polyclonal antibody, wh e r e as both prot e ins boim d rabbit 

1 7s 

antibody. On the other hand, it was confirmed that both proteins bound to the I-labeled 
OCIF when untr e at e d not treated with th e antibody. Th e binding of both prot e ins to 
kbeled said antibody. Furthermore, it was also revealed that bindings of both proteins to 
OCIF was confirm e d to b e cl e arl y were specific , b e caus e thos e binding since the bindings 
afewere significantly inhibited by the-addition of a 400-fold higer concentration of 
unlabelled OCIF (8 i^^ig/ml). Bas e d on F rom the above results d e scrib e d abov e, it was 
revealed that the-^^abbit anti-OBM rabbit p olyclonal antibody recognizesd both fee-OBM 
which iswas thea protein expressed usingb y the cDNA of the present invention and the 
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natural-type OCIF- binding protein of the present invention, and it inhibits th e inhibited 
specific binding of these both proteins withto OCIF. 

<[Example 19>1 

Cloning of feHuman OBM cDNA 

(1) Preparation of mMouse OBM pPrimer 

The For screening of human OBM cDNA, a mouse OBM prim e rs pr e par e d 
according to p rimer prepared in accordance with the method of the Exampl e s ( above 
Example, OBM #3 and 0BM //8) d e scrib e d abov e , w e r e us e d for scr ee ning of human 
OBM cDNA #8 were used . ^Fh eSequences s e qu e nc e s thereof are shown in th e S e qu e nc e 
Table, S e quenc e SEO ED NorNO: 9 and No. 6, roopoctivoly. SEO ID NO: 6. 

(2) Acquisition of Human OBM cDNA Fragments bv PCR 

(2) Isolation of A human OBM cDNA fragment by PCRHuman OBM cDNA 

fra jE on e nts w e r e w as obtained by PCR method usin g th e mous e OBM cDNA prim e rs 
pr e par e d in (1) abov e and Human Lymph Node Marathon ready cDNA (Clontech Co.^ 
Ltd.) which was a human lymph node derived cDNA library as a t e mplat e mold and using 
the mouse OBM cDNA primer prepared in the above (1) . 

The following are the conditions used for PC R w e r e shown as follows: . 

lO^X EX Taq buffer (Takara Shuzo Co., 

3Z01=*m1 
2.5niMdNTP l.6\^ii\ 
cDNA solution4-LQ i^iil 
EX Taq (Takara Shuzo Co .. Ltd .) 0.2 t^jal 
Distilled wWaterl4.8 i^yl 

40 liyM pPrimer OBM #3 
0.2 

40 pPrimer OBM #8 
0.2 \J^ix\ 



Tbese After the above solutions were mixed together in a microfuge tube-and 
incubat e d , PCR was conducted under the following conditions. A pretreatment was 
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carried out at 95^C for 2 minutes, follow e d by 4 0 cycl e s of a thr ee stag e then the cycle 
reaction consisted ing o f r e actions at 95°C for 30 seconds,-at 57°C for 30 seconds^ and-at 
72°C for 2.5 minutes . Aft e r th e r e action was repeated 40 times , and the solution was 
incubated at 72°C for an approx. 5 minutes at 72^C and a portion . A subfraction of the 
solution was subj e ct e d to reaction product and run through agarose by electrophoresis-en 
an agaros e g e l. A detected an approximate 690 bp DNA fragment (about 690 bp) 
amplified bv4he with the above mouse OBM cDNA primers d e scrib e d abov e was 
d e t e ct e d . 

0} Purification of th e huma nH xmian OBM cDNA fragm e nt amplifi e d Amplified by 
PGR and dPetermination of th e nucl e otid e s e qu e nc eN ucleotide Sequence 

The human OBM cDNA fragments obtained in tfee-Example 192(2) wa swere 
separated by agarose gel electrophoresis on an agaros e g e l and fethe rthen purified 
usin gby use of a OIAEX® gel extraction kit (Oiaee nOIAGEN Co. . Ltd.) . PGR was again 
p e rformed using th e By use of the p urified human OBM cDNA fragments as a templat e 
and-fee templates, PGR was conducted again by use of the above mouse OBM cDNA 
prim e rs d e scrib e d abov e , primer so as to produc e prepare a large quantit y amount of-ttie 
human OBM cDNA fragm e nt. Th e DNA fragm e nt was fragments which were then 
purified by ause of the QIAEX® gel extraction kit in th e sam e mann e r as abov e. The 
nucleotide sequence of the purified human OBM cDNA fragment was determined 
usi ngbv use of a Taq Dye Deoxy Terminator Gycle Sequencing FS kit (Perkin Elmer Go.^ 
Ltd) using OBM #3 erand OBM #8 (SeaueneeSEO ID Nor-NO: 9 and Nor ^SEOID 
NO: 6, respectively) as a prim e r primers . Wh e n compar e d with the Comparing the 
nucleotide sequence o f the human OBM cDNA fragment with the corresponding weapart 
of the mouse OBM cDNA, th e nucl e otid e s e qu e nc e of th e human OBM cDNA fragm e nt 
showed 80.7y o they share a homology with that of the mouse OBM cDN A 80.7% . 
(4) Screening of a fiiU l e ngth huma n for Full Length Human OBM cDNA by 
hybridization using th e huma nH vbridization With Human OBM cDNA fragm e nt 
febe ^Fragments With a Length of About 690 hp ) as a prob e Probes 

A fill! l e ngth The human OBM cDNA was scr e en e d using th e human OBM 
cDNA fragm e nt ( fragments, with a length of about 690 bp ) that was^ purified in #ie 
Example 192(3) ^idwere labeled with [eea^^pP] dCTP ^sin gby use of a 
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M e gaprime MEGA PRIME DNA fclabeling kit (Amersham Co. , Ltd. ) . and full length 
human OBM cDNA was screened . As an object to be screened, a Human Lymph Node 
5' -STRETCH PLUS cDNA library (Clontech Co., the U.S Ltd. A, USA ) was Gcroonod 
using th e DNA prob e used . According to th e manufacturer' s in accordance with a 
protocol issued by the company , after Escherichia coli C600 Hfl was infected with the 
recombinant phage at 37°C for 15 minutes at Th e inf e ct e d , the Escherichia coli 

was added to an LB agar medium (1% trypton, 0.5% yeast extract, 1% NaCl, 0.7% agar) 
which was heated at 45°C . Th e LB agar was and poured onto an LB agar medium p late 
containing 1.5% agar. After overnight incubation cultiuing at 37°C, HyBond 
HYBOND® N^ (Amersham Co. , Ltd. ) was plac e d to b rought into intimate contact with 
the plate on which h aving plaques wer e produc e d and stor e d formed thereon for about 3 
minutes. According to a conv e ntional m e tho d Then , theis filter was tr e at e d with subiected 
to an alkaline solution denaturation treatment in accordance with a commonly used 
method , neutralized, and dipped immersed in a 2jeSS GX SSC solution. The DNA was 
th e n immobiliz e d onto fixed on the filter u s ing th e b y UV CROSSLINKER (Stratagene 
Co. , Ltd.) . The r e sulting obtained filte r was dipp e d into was immersed in a Rapid-hyb 
buffer (Amersham Co. \ Ltd . Aft e r pr e tr e atm e nt ) and pretreated at 65°C for 15 minutes 
at 65 °C, th e . Thereafter, the filter was plac e d in Rapid hvb transferred into the above 
buffer containing the above heat- denatured human OBM cDNA fragments (about 690 
bp, 53eX 10^ cpm/ml) describ e d abov e . Aft e r and allowed to hybridize at 65°C overnight 
hybridization at 65°C . After the reaction , the filter was washed with 2 x SSC, 1 x SSC, 
and 0.1 X SSC, each 0.1%-SDS- containing 0.1%SDS 2X SSC once , with IX SSC once 
and with O.IX SSC once in this ord e r resp e ctiv e l v tum at 65 °C for 15 minutes at 65°C . 
Sevefa lThe obtained positive clones obtain e d w ere fiulh e r purifi e d by r e p e atin g screened 
two more times so as to purify the scr ee ning twic e clones . A clone poss e ssing an ins e rt 
ftaving about 2.2 kb 4 of insert was selected from th e purifi e d olon e s out of these and was 
used in the following experiments. Thise purified phage was named 3— A,hOBM. 
Abeu tFrom the purified XhOBM, about 10 \3t^g of DNA was obtained from th e purifi e d 
3 hOBM usin g in accordance with a protocol of a QIAGEN® Lambda kit 
( Oiag e n OIAGEN Co. , Ltd. ) according to th e manufacturer's protocol . T ^After this 
DNA was dig e st e d cleaved with a^restriction enzyme Sail and subj e ct e d to e l e ctrophor e sis 
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on an agaroG e g e l to separat e th e SalL about 2.2 kb of hOBM insert cDNA (about 2.2 
kb ^was separated by agarose electrophoresis . Thise DNA fragment^ purified using th eby 
use of a QIAEX® gel extraction kit (Qiage nOIAGEN Co. . Ltd. ). was dig e st e d cleaved 
with restriction enzyme S tf Sail in advance an d then inserted into dephosphorylated 
plasmid pUC19 (MBI Co. , Ltd. ) which was pr e viously dig e st e d with a restriction e nzym e 
Sail and d e phosphorylat e d, usin g bv use of a DNA ligation kit ver. 2 (Takara Shuzo Co^ 
Ltd.). Escherichia coli DH (Gibco BRL Co. . Ltd.) was transformed wit hby use of 
the pUC19 containing th e r e sultin g obtained DNA fragment. The r e sultin g obtained 
transformant was named pUC19hOBM. ¥h eAfter proliferating the transformant-^was 
grown and pUC19hOBM in which the , about 2.2 kb of human ^OBM cDNA (about 2.2 
kb) was ^ inserted crnd plasmids were purified b vthereform in accordance with a 
conv e ntional conmionlv used method. 

(5) Determination of nucl e otid e s e qu e nc e the Nucleotide Sequence of cDNA 
e Encoding the e ntir e amino acid s e qu e nc e FuU Length Amino Acid Sequence of hHuman 
OEM 

The nucleotide sequence of th e r e sulting human OBM cDNA obtained in 
Example 19 -{A) was determined using th e b y use of a Taq Dy e D e ox y Dideoxy 
Terminator Cycle Sequencing FS kit (Paerkin Elmer Co. . Ltd.) . Sp e cificall y That is . the 
nucleotide sequence of the inserted firagment was determined Hsm gby use of 
pUC19hOBM as a template. As prim e rs, prim e rs for th e d e t e rmination of th e nucl e otid e 
s e qu e nc e of th e ins e rt e d fragm e nt DNA in pUC19hOBM, Ml 3 Primer M 3 and 3^ Ml 3 
Primer RV ( manufactured by Talcara Shuzo Co TAKARA SHUZO CO.. LTD .), and a 
synthetic primer^ human OBM #8^8 designed based on the nucleotide sequence of the 
human OBM cDNA fragment (about 690 bp) were usedTTh e as primers for determining 
the nucleotide sequence of the inserted fragment DNA of pUC19. The sequences of the 
primers-used, Ml 3 Primer M3 and Ml 3 Primer RV, are shown in SEP ID NO: 4 and 
SEQ ID NO: 5, respectivel y shown as th e S e qu e nce ID No . 4 and No. 5. The amino acid 
sequence of himian OBM d e duc e d estimated from the nucleotide sequence of the human 
OBM cDNA is shown in the Sequenc e Table as Scqu o nco SEQ ID No. 11. Tho N O: 11. 
and the nucleotide sequence of the human OBM cDNA is shown asin S e qu e nc e SEO ID 
NerNO: 12. 
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The obtained plasmid containing the human OBM cDNA and the obtained 
Escherichia coli which was transfonned by tha-pUC19hOBM , which is th e plasmid 
containing th e r e sulting human OBM cDNA, was were deposited i ftwith the National 
Institute of Bioscience and Human -TechnologV T of the Agency of Industrial Science and 
Technolog y, on August 13, 1997 as of the Ministry of Intemational Trade and Industry 
with the deposition No rnumber FERM BP-60§8 t6058 on August 13, 1997. 
[Example 20] 

Radioiodin atien^^^I Labeling of OCIF -with-^4 and Qpuantitativ e-^talvsis 
Determination of ^^^I-ttrabeled OCIF by ELISA 

OCIF was l^labeled in accordance with ^ using the lODO GENfo doggB 
method. Tw e nty 20 of 2.5 mg/ml lODO GE NI odogen -chloroform solution was 
transferred to a 1.5 ml Eppendorf tube^ and4be chloroform was evaporated at 40°Ct 
th e r e by providing a tub e so as to prepare an lodogen- coated with lODO GE N tube . 
Tb eAfter the tube was washed thr ee tim e s with 400 of 0.5 M sodixun phosphate 
buffer solution (Na-Pi^; pH 7.0) three times , follow e d by th e addition of 5 of 0.5 M 
Na-Pi (with_apH of 7.0 ). To this tub e was added . Immediately after 1.3 \3t^\ (18.5 MBq) 
of Na-^^^I solution (Amersham Co., Ltd., N EZ-033H) , imm e diat e ly follow e d b y was 
added to the addition o ft ube, 10 i=fjil of 1 mg/ml OCIF solution (monomer type or dimmer 
type) was added . The mixtur e resulting solution was mixed mby means of a volrtex mixer 
and allow e d left to stand at room temperature for 30 seconds. Thise solution was 
transferred to a tube to which containing 80 t^jal of 0.5 M Na-Pi (pH 7.0) solution 
containin g (pH 7.0), which contained 10 mg/ml potassiimi iodinde and 5 ^gl of a 
phosphate buffered saline solution containing 5% bovine serum albumin (BSA-PBS) 
w e r e pr e viously add e d , and mixed . The solution was mix e d, appli e d added to a spin 
column (1 ml, G-25 Sephadex® fine, manufactur e d by Pharmacia Co. , Ltd. ) which was 
equilibrated with BSA-PBS in advanc e , and centrifiiged at 2,000 rpm for 5 minutes-at 
2,000 rpm . FewAfter hundr e d 400 of BSA-PBS was added to ^a^fi-actions eluted 
fi*om the column . Aft e r mixin g and the fraction was mixed , 2 of the solutio n each 
fraction was us e d to m e asur e sampled, and the radioactivity of the sample was measured 
b y means of a gamma counter. The radiochemical purity of the prepared ^^^I- labeled 
OCIF solution obtain e d abov e w as m e asur e d determined by countin g measuring the 
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radioactivity of fractions a fraction precipitated by addition 10% trichloroacetic acid 
(TCA). 

The OCIF biological activity of the labeled OCIF was measured according to 
fe ein accordance with a method described in WO 96/26217. ¥h eFurther, the 
concentration of the-^^^I- labeled OCIF was measured using the by ELISA m e thod as 
feUew sin the following manner . Sp e cificall v That is . 100 ^1 of 50 mM NaHCOs (pH 
9.6) in whic h , having 2 |ig/ml of rabbit anti-OCIF polyclonal antibody described in fee 
WO 96/26217 was-dissolved to a conc e ntration of 2 ug/ml therein, was added to each 
well of-a 96-well immunoplate ( MaxiSorp™, manufactur e d by N unc Co. ) in th e amount 
of 100 | j1 per w e ll. Aft e r th e s e w e lls w e r e allow e d , Ltd.. MaxiSorp) and left to stand_at 
4°C ovemight-aM ^. After this solution was r e mov e d. Th e n th e w e lls w e re charg e d 
with a mix e d aqu e ous discarded. 200 |li1 of mix- solution of Block Ac e ^ MB LOCKACE 
(Snow Brand Milk Products Co., Ltd.) and a phosphate buffered saline s olution (mixing 
ratio = 25:75) (B-PBS) in th e amount of 200 ul / was added to each well . The plato was 
and then allow e d left to stand for two hours at room temperature for 2 hours . After the 
solution was r e mov e d discarded , tbe -each w ells^w ^ was washed thr ee tim e s w ith a 
phosphate buffered saline solution containing 0.01% Polysoivrbate 80 (P-PBS) three 
times . N ^Thereafter . 100 fil of B-PBS containing a_^^^I- labeled OCIF sample or 
^t eOCIF reference standard OCIF w as added in th e amount of 100 ul / to each w ell . Th e 
plat e was th e n allow e d and left to stand for two hours at room temperature for 2 hours . 
After the solution was r e mov e d discarded , each well was washed six tim e s with 200 ^ijil 
of P-PBS six times . AThen, 100 |al of diluted solution prepar e d by diluting of peroxidase- 
labeled rabbi^anti-OCIF rabbit p olyclonal antibody wifein B-PBS was added in th e 
amount of 100 ul / to each well . Th e plat e was allow e d and left to stand for two hours at 
room temperature for 2 hours . After the solution was r e mov e d discarded , fee -each wells 
wef e was washed six tim e s with 200 of P-PBS six times . Then, alOO |il of TMB 
solution (TMB Soluble Reagent, High Sensitivity, Scytek Co. , Ltd. ) was added in th e 
amount of 100 ul / to each well . Aft e r b e ing allow e d and then left to stand at room 
temperature for 2- to 3 minutes . Thereafter , 100 ^iyl of a t e rmination solution ( Stopping 
Reagent^ (Scytek Co. , Ltd. ) was added to each well. Absorbanc e The absorbance of each 
well at 450 nm was measured at 4 50 nm usin g by means of a microplate reader. The 
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concentration of the_*^^I- labeled OCIF was determined wi fefrom a calibration curve 
prepared ^sin gbv use of the OCIF reference standard-0€ff . 
<[Example 21>] 

Expression of tho prot e in encod e d Protein Encoded by the cDNA of the ^Present 
^Invention 

(1) Construction of hOBM eExpression vVector for aAnimal eCell s 
pUChOBM was dig e st e d cleaved with restriction enzyme Sa BSall. and aDNA 

fragm e nt ( about 2.2 kb^-were - DNA fragments were p urified by 1% agarose gel 
electrophoresis on an 1% agaros e g e l. Th e e nds of th e DNA fragm e nts w e r e blunt e d 
usfflj ^and blunt-ended with DNA bBlunting IdCit (Takara Shuzo Co. , Ltd. ) ( blunt e d 
hOBMcDN A the resulting DNA fragmen t with smoothed terminals is called "smoothed 
hOBM cDNA fragment" ). Expression plasmid pcDL-SR €Mt296 (Molecular and Cellular 
Biology, Vol. 8, pp. 466- to 472 (1988)) was dig e st e d cleaved with _a restriction enzyme 
EcoRI, blunt e d with and blunt-ended with the blunting ki t and ligat e d with th e blunt e d 
hoB M. The resulted expression plasmid was bound to the smoothed hOBM cDNA 
fragment usm gbv use of a DNA ligation kit ver. 2. Using the ligation reaction solution, 
Escherichia coli DH-esa was transformed with th e ligation r e action. A plasmid i n . From 
the r e sultin g obtained ampicillin -resistant transforman t was subj e ct e d to dig e stion with 
r e striction enzym e to analyz e th e DNA r e striction map and d e t e rmin e th e DNA s e qu e nc e . 
As a r e sult , a sfra mclone, having a phOBM p lasmid in which hOBM cDNA is-inserted in 
th e sam e w ith forward direction effor transcription as-fea tdirection of S R a promotor a 
promoter, was selecte d by analysis of DNA map obtained by restriction enzyme cleavage 
and determination of DNA sequences . The microorganism obtained sfrai nclone was 
named DH5-e^a/phOBM. 

(2) Expression of bHuman QBM in COS-7 eCell s 

Esch e richio E coli^ DH5-ef^phOBM^ was cultured and the plasmid phOBM was 
purified using Oiafilto r with OIA® Filter Plasmid Midi l^t (Qjage nOIAGEN Co. , Ltd. ). 
The phOBM was transfected using Lipof e ctamin e into COS-7 cells in theeach wells of-a 
6- well plate by use of lipofectamine. and the cells were cultured for two days in DMEM 
containing 10% fetal bovine serum for 2 days . The cultur e medium was replaced with 
cysteine-/methionine-fi:ee DMEM ( manufactur e d by Dainippon S e ivalcu P harmaceutical 
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Co., Ltd.) to which containing 5% dialyszed fetal bovine serum was add e d (88 ^jil/well): 
¥h e, and the cells were incubat e d cultured fo r another 15 minutes . Then , follow e d by 
addition of 14 ^J^yX of Express Protein Labeling Mix (NEN Co., Ltd.. 10 mCi/ml) was 
added. After fea rthe cells were cultured for 4 hours incubation , 200 of DMEM 
containing 10% fetal bovine serum was added to each w e ll. Th e , and the cells were 
cultured for eBel hour-an d. After the cells were washed twiee-with PBS^-The n twice , 0.5 
ml of a-TSA buffer (10 mM Tris-HCl (pH 8.0) containing 0.14 M NaCl and 0.025% 
NaN ^, pH 8.O 3) containing 1% Triton X-100, 1% bovine hemoglobin, 10 t=^iig/ml 
leupeptin, 0.2 TIUTIU/ml aprotinin^ and 1 mM PMSF was added to e ach w e ll^ and the 
mixtur e s cells were allow e d left to stand for one hour on ice for 1 hour . Th eAfter the cells 
were mixedcrushed by pipetting-an d, the resulting Ivsate was centrifixged at 4^C and 
3,000 xX for 10 minutes atso 4^as to obtain sup e matants a supernatant . Twe 
fem^200 \J^ix\ of-a dilution buffer (TSA buffer containing 0.1% Triton X-100, 0.1% 
bovine hemoglobin, 10 \J^iig/ml leupeptin, 0.2 TlU/ml aprotinin^ and 1 mM PMSF) was 
added to 100 jd-jil of the supernatan t fi-om e ach w e ll. Th e , and the resulting mixtures w e r e 
agitat e d at 4 °C for on e hou r supematant was shaken together with Protein A Sepharose® 
(50 an dat 4^C for 1 hour. Thereafter, the solution was centrifiiged at 4^C, 1,500 xX 
g for enei minute atso 4^as to collect sup e matants a supernatant. Thereby , th e r e by 
r e moving th ea protein whieh-non-specifically adsorb e d b inding the Protein A Sepharose® 
was removed . OCIF (1 ^jag) was added to the sup e matants supematant, and the mixtur e s 
w e r e ggitat e dr esulting supernatant was shaken at 4^C for enei hour atso 4^as to bind 
feiHft^OBM and OCIF together . Then, rabbity anti-OCIF rabbit p olyclonal antibody 
(50 \J^iig) was added, follow e d by agitatio n and the resulting solution was shaken at 4°C 
for enei hour. Then, Protein A Sepharose® (10 i^yl) was added to the r e sulting solution^ 
follow e d by agitatio n and the solution was then shaken at 4*^C for an additional! hour. 
The mixtur e s thus obtain e d w e r e solution was centrifiiged at 4°C, 1,500 X g for 1 minute 
at I 500 x g at 4 ^C so as to collect pr e cipitat e s a precipitated fi-action . The pr e cipitat e s 
wer eprecipitate resulting fi-om the centrifiigation was washed twiee-with athe dilution 
buffe r twice , twiee-with _a bovine hemoglobin- free dilution buffe r twice , eiiee-with_a 
TSA buffe r once , and enee-with 50 mM Tris-HCl (pH 6.5) once . After addition w ashing. 
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efan SDS buffe r containing 10% morcapto e thanol (0.125 M Tris-HCl, 4% dodecyl 
sodium dod e ovlsulfat e sulfate . 20% glycerol, 0.002% Bbromophenol Bblue, pH 6.8)74he 
mixtur e containing 10% p-mercaptoethanol was added to the precipitate. The precipitate 
was heated at 100°C for 5 minutes at 100°C . and it was subjected to SDS-PAGE (12.5% 
polyacrylamide gel, Daiichi Pur e Ch e mical Kagaku Co. . Ltd.) . The gel was fixed and 
dried according to in accordance with a conv e ntional commonlv used metho d. Aft e r 
Isetep e, and the signals of isotopes from the fixed gel were e nhanc e d amphfied usingb y 
Amplify^^^^ (Amersham Co.), th e dri e d Ltd.). The fixed gel was subi e cted exposed to 
autoradiography at 80°C using Bio Max BioMax® MR fFilm (Kodak Co. , Ltd.) at -80^C . 
The results are shown in Figure 18. which shows Fig. 8. As a result, it was revealed that 
the molecular weight of Sie-protein encoded by the cDNA of the present invention iswas 
about 40,000. 
^[Example 22>] 

Binding of th e prot e in e ncod edProtein Encoded by the cDNA of the ^Present 
ilnvention -and to OCIF 

PhOBM, which was purifi e d info the same manner as in #ie-Example 21 -(2), the 
purified phOBM was transfected into COS-7 cells in each well of a 24- well plate using 
Lipof e ctamin e . Aft e rb v the use of lipofectamine. and the cells were cultured for 2 teor 3 
days . Then , the cells were washed with serum-free DMEM . Two hundr e d , and 200 ^Jjil 
of a cultur e m edium for athe binding t e st m e dium assav (serum-free DMEM te 
whie bcontaining 0.2% bovine serum albumin, 20 mM Hepes buffe r solution , 0.1 mg/ml 
heparin^ and 0.2% NaN3 wore addod )^ containing 20 ng/ml of ^^^I- labeled OCIF was 
added to thesome wells. Te4h eln addition, to other wells, 200 of cultur e m e dium for 
th e binding t e st m e dium the medium for binding assay, containing 8 fi|ig/ml of unlabeled 
OCIF in addition to 20 ng/ml of th^^^^I- labeled OCIF, was added . Aft e r incubation for 
on e hour at 37°C in a so as to conduct following experiments. After culture in a CO7 
incubator (5% CO2) , th e c e lls w e r e wash e d twic e with 500 pi of a phosphat e buff e r e d 
salin e solution containing 0.1 mg/ml of h e parin. Th e n, 500 |Jl of 0.1 NNaOH solution 
was add e d to e ach w e ll and th e plat e was allow e d at 37^C for 1 hour, the cells were 
washed twice with 500 \xl of phosphate buffered saline containing 0.1 mg/ml heparin. 
After washing, 500 |li1 of 0.1 N NaOH solution was added to each well, and the wells 
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were then left to stand for 10 minut e s at room temperature to dissolv e th e for 10 minutes 
SO as to dissolve the cellsr-. The radioaotivit v amount of I in th e w e lls was m e asur e d 
by a gamma count e r. As a r e sult, as shown in Figur e 19 j n each well was measured by 
means of a gamma counter. As a result, it was confirmed that the ^^^I- labeled OCIF 
biounds only to the-a_cells transfected with phOBM . Mor e ov e r, as shown in Fig. 19. 
Further, it was also confirmed that the bindin g was significantly inhibit e d by adding 4 00 
fold e xc e ss unlab e ll e d OCIF (8 \Jig/ml). Based on th e r e sults describ e d abov e , th e 
prot e in, human OBM e ncod e d by th e cDNA in th e phOBM was confirm e d to sp e cifically 
bind to OCIF on th e surfac e of was significantly inhibited by addition of a 400-fold 
concentration of imlabeled OCEF (8 [ig/ml). From these results, it was revealed that a 
human OBM protein, coded for by a cDNA on phOBM, specifically bound to OCIF on 
the surface of a COS— 7 cellsr 

[Example-35> 
231 

Crosslinking ef^ ^I labeled OCEF and Experiment of ^^^I Labeled OCIF to Protein 
Encoded by the cDNA of the Present Invention 

To fiuther analyze the characteristics of the protei n encoded by the cDNA of the 
present invention, crosslinking of I labeled monomer type OCIF with the protem 
encoded by the cDNA of the present invention Crosslinlcing of ^ - label e d monom e r typ e 
OCIF and the prot e in e ncod e d by th e cDNA of th e pr e s e nt inv e ntion was carri e d out to 
furth e r inv e stigat e th e charact e ristics of th e prot e in e ncod e d by th e cDNA of th e pr e s e nt 
inv e ntion. Aft e r constructing e xpr e ssion v e ctor phOBM and transf e cting into COS 7 
c e lls according to th e m e thod us e d in th e was conducted. That is, after expression 
vectors phOBM were prepared and transfected into COS-7 cells in accordance with the 
methods described in Examples 212(4)1} and 2j-(2),^0 0 200 i=fjil o f binding t e st m e dium 
the medium for the binding assay containing the ^^^I - labeled OCIF (25 ng/mP was added 
to some wells. In addition, the medium for the binding assay, containing unlabeled OCIF 
of a 400-fold concentration in addition to the ^^^I labeled OCIF (25 ng/ml) d e scrib e d 
abov e ^ was added . Th e binding t e st m e dium to which unlabel e d OCIF was add e d at a 
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4 00 fold conc e ntration in addition to labeled OCIF was us e d for th e oth e r w e lls. 
Aft e r cultur e d for on e hour at 37^C in a other wells. The cells were cultured in a CO2 
incubator (5% CO2) , th e c e lls w e r e wash e d twic e with 500 |Jl of phosphat e buffer e d 
salin e containing 0.1 mg/ml h e parin. Fiv e hundr e d |Jl of phosphat e buffered salin e in 
\^4He h at 3VC for 1 houn and the cells were washed twice with 500 |il of phosphate 
buffered saline containing 0.1 mg/ml of heparin. To these cells, 500 |iil of phosphate 
buffered saline containing 100 \^\xgjm\ of-a crosslinking agent (DSST-_(dDisuccinimidyl 
suberate, manufactur e d by Pierce Co. , Ltd. ) was dissolv e d was added-t e, and the cells^ 
follow e d by incubation incubated at O^C for 10 minutes atfor O ^reaction . Tb eAfter the 
cells in these wells were washed twice with 1 ml of ic e cold p hosphate buffered salincr 
Aft e r an addition o f cooled to 0°C, 100 jijal of 20 mM Hepes buffer solution containing 
1% Triton X-100 (Wako Pure Chemicals Co. Chemical Industries , Ltd.), 2 mM PMSF 
(Pghenylmethylsulfonyl fluoride, Sigma Co. , Ltd. ), 10 iJjaM Ppepstatin (Wako Pure 
Chemicals Go rlndustries , Ltd.), 10 leupeptin (Wako Pure Ch e micals Co. Chemical 
Industries , Ltd.), 10 jifjxM antipain (Wako Pure Ch e micals Co. Chemical Industries , Ltd.) 
and 2 mM EDTA (Wako Pure Chemicals Go rlndustries , Ltd.) were added to these cells , 
and the wells were allow e d left to stand at room temperature for 30 minut e s at room 
t e mp e ratur e minute so as to dissolv e lyse the cells. ^Fbese After 15 |il of these samples-{14 
pi aliquots) were treated with SDS under r e ducin g nonreducing conditions according to in 
accordance with a conv e ntional commonly used method-aft d, the samples were subjected 
to electrophoresis with a gel for SDS- electrophoresis using-(4- to 20% polyacrylamide 
gradient-geH^Daiichi Pur e Ch e mica lK agaku Co., Ltd.). Afte r the electrophoresis, the 
gel was dried and subi e ct e d exposed to autoradiography for 2 4 hours at - SO^C using 
BioMax® MS jSl mFilm (Kodak Co., Ltd.) with BioMax® MS Intensifying Amphfying 
Screen (Kodak Co rCo., Ltd. ) and BioMax MS s e nsitization scr ee n (Kodalc Co.) at -SO'^C 
for 24 hours . The film subj e ct e d to autoradiography was exposed films were developed 
according to in accordance with a conv e ntional commonly used method. As a result, a 
protein band e fhaving a molecular weight in th e rang e o f about 90,000 110,000, shown in 
Figur e 20, to 110,000 was detected as shown in Fig. 20 b y crosslinking efbetween ^^^I- 
labeled monomer type OCIF and the protein encoded by the cDNA of the present 
invention. 
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<[Exainple 24>] 

Expression of sSecret edorv-fefm-Tvpe hH uman OBM 

(1) Construction of sSecretadory-fe t rnType hHuman OBM eExpressi e ng pPlasmid 

A PG R reaction was carried out ttsin jgbv use of human OBM SF ( S e qu e nc e Tabl e , 
Soquonco SEO ID NorNO: 13) and mouse OBM #8 ( Soquonco Table, Soquonce SEO ID 
No tNO: 6) as primers and pUC19hOBM as a template. After the product was p urified by 
agarose gel electrophoresis on an agaros e g e l, th e product was dig e st e d , it was cleaved 
with restriction enzymes Sf^ jSpI and Hindlll^ and fetb^then purified by agarose gel 
electrophoresis on an agaros e g e l so as to obtain a purifi e d fi-agm e nt ( 0.27 kb ^ fi-agment . 
Human OB M A fi-agment of hOBM cDNA which was partially dig e st e d wit h cleaved at 
only one site of restriction enzyme Dral by partial cleavage of human OBM cDNA 
therewith, and DNA fi-agm e nts dig e st e d with Dral at on e sit e w e r e purified by agarose 
gel electrophoresis on an agaros e g e l. Th e , and the purified firagment was further 
dig e st e d cleayed with a.restriction enzyme Hindlll. ?%te-0.53 kb of Dral/Hindlll fi-agment 
was purified by agarose gel electrophoresis on an agaros e g e l. Th e , and the purified 
fi-agment was ligat e d with and the 0.27 kb SplI SpI/ Hindlll firagm e nt d e riv e d fi-om 
fi-agment (0.27 kb) of the PGR d e scrib e d above using ligation Idt v e r. 2 (Talcara Shuzo 
Got ^PCR product together with HM San SpI /EcoRIV fi-agment (5.2 kb) of pSec TagA 
( Invirog e nl nvitrogen Co X Ltd . ) were subjected to ligation by use of a ligation kit ver. 2 
(TAKARA SHUZO CO., LTD.), and Escherichia coli DH5-6Hvva sa were transformed 
ttsin gby use of the reaction product of ligation . Plasmids were purified by alkali SDS 
m e thod fi-om the r e sultin g obtained ampicillin ^resistant transformonts and dig e st e d 
wi feclone by alkaline SDS method and cleaved by restriction enzymes so as to select a 
plasmid containin ghaving 0.27 kb and 0.53 kb- of fi-agments as ins e rts inserted in pSec 
TagA. Thise plasmid was confirm e d subj ected to hav e a s e qu e nc e e ncoding th e s e cr e t e d 
human OBM by sequencin g using Tag dv e d e oxvt e rminator cycl e s e qu e ncin g by use of a 
Tag Dideoxy Terminator Cycle Sequencing FS IdCit (Perkin Elmer Co. , Ltd.), thereby 
confirming that the plasmid had sequences encoding secretory-type himian OBM . 
Th eAfter the plasmid was dig e st e d cleayed withby restriction enzymes Nhell and Xhol to 
prep ^XhoI, a fi-agment (0.8 kb) corresponding to th e s e cr e t e d secretory-type human 
OBM cDNA was collected b y agarose gel electrophoresis on an agaros e g e l . This 
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fragment was inserted into them Nhel-m^/XhoI fragment (10.4 kb) of an expression 
vector pCEP4 (Invitrogen Co. , Ltd. ) asa gbv use of the ligation kit^ and Escherichia coli 
DH5-€H¥a sa were transformed asin gbv use of the reaction product of the ligation . 
Plasmids were purified by alkali SDS m e thod from the r e sultin g obtained ampicillin 
resistant transforma ftts clones by alkaline SDS method and dig e st e d cleaved withby 
restriction enzymes so as to select aiia Escherichia coli clone having fe ea secretory-type 
human OBM expression plasmid for s e cr e ted form human OBM (pCEPshOBM)_witha 
target structure . The Escherichia coli containin g clone having the pCEPshOBM was 
cultured^ and the pCEPshOBM was purified using Oiafilt e r plasmid midi kit b v use of 
OIA® Filter Plasmid Midi Kit (Okge aOIAGEN Co. , Ltd.) . 
(2) Expression of sSecret e dory-fe f rnType OBM 

293-EBNA cells were suspended in IMDM containing 10% PCS (IMDM-10% 
PCS), add e d into a seeded in a collagen-coated 24- well plate coat e d with collag e n 
( manufactur e d by Sumitomo Bakelite Co., Ltd.) in a c e ll d e nsit y an amount of 2x X 10^ 
cells/ 2 ml/well^ and cultured overnight. TheTothe cells w e r e transf e ct e d with^ 1 ^\ig of 
pCEPshOBM or pCEP4 us mgwas transfected by use of 4 of felipofectamine (Gibco 
Co. 4, Ltd .^Afte r). and the cells were cultured for tw eanother 2 days in 0.5 ml of arserum- 
free IMDM or IMDM-10% PCS, th e cultur e sup e matants w e r e coll e ct e d thereby 
collecting a conditioned medium . Expression of th e s e cr e t e d secretory-type himian OBM 
in the cultur e conditioned sup e matan tm edium was d e t e ct e d as foUows confirmed in the 
following manner . Sodium bicarbonat e That is, sodium hydrogen carbonate was added to 
the eute econditioned sup e matants medium to a final concentration of 0.1 M and the 
mixtur e s w e r e add e d to a 96 w e ll plat e . Th e plat e was allowed lefl: to stand at 4°C 
ovemight-at4^, th^ebyand immobiUzin g the human OBM in the cultur e sup e matants on 
tb econditioned medium was solid-phased in a 96- well plate. Th e plat e was block e d 
using Block AceTM B LOCKACE (Snow Brand Milk Products Co., Ltd.) solution feu^ 
feW-diluted 4 times with PBS (B-PBS) was added to each well and allow e d the plate was 
left to stand for two hours at room temperature for 2 hours to cause blocking . Aft e r 
adding 3-100 ng/ml of OCIF which was diluted with B-PBS was added to e ach w e ll, the 
plat e was allow e d w ells and left to stand at 37°C for twe2 hours at 37°C, follow e d by 
was h. After the plate was washed with PBS containing 0.05% Polysolwbate 20 (P-PBS)t 
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Th e n , 100 \^ixl of-a peroxidase- labeled-Fabbit anti-OCIF polyclonal antibody described in 
WO 96/26217 which wao diluted with B-PBS was added to each well . After allowing 
and left to stand at 37°C for twe2 hours at 37^C, the wells w e r e . After each well was 
washed six tim e s with P-PBSr-Th ^ six times , 100 ^il of TMB solution (TMB Soluble 
Reagent, High Sensitivity, Scytek Co. , Ltd.) was added in th e amoimt of 100 |Jl p e r to 
each well and th e mixtur e was allow e d then left to stand at room temperature for about 10 
minutes. Th e r e action was t e rminat e d by th e addition o f Thereafter, 100 ^jal of 
t e rmination solution ( Stopping Reagent^ (Scytek Co. , Ltd.) was added to each well. 
Absorbanc e The absorbance of each well at 450 nm for e ach w e ll w as measured b y means 
of a microplate reader. The results are shown in Figure 21, which indicat e s that th e 
absorbanc e at 4 50 nm incr e as e d according to th e conc e ntration of th e add e d OCIF in F ig. 
21. In the plate in which h aving the solid-phased conditioned medium of the cells 
transfected wit h the pCEPshOBM was immobiliz e d. , absorption at 450 nm increased 
depending on the concentration of the OCIF added. O n Meanwhile, in the case where the 
conditioned medium of the oth e r hand, no incr e as e in absorbanc e was s ee n in th e w e lls in 
which th e condition e d m e dium of the c e lls cells transfected wi feonly with the vector 
pCEP4 was inmiobiliz e d. solid-phased, no increase in absorption was seen. Further, 
FigureFig. 22 shows the results of an experiment wh e r e i n in which the proportion of the 
conditioned medium used for immobilization solid phasing was chang e d varied within a 
range of 5- to 90% in th e pr e s e nc e of and a cefisertaint concentration of OCIF (50 ng/ml) 
was added . Th e absorbonc e ln the plate having the solid-phased conditioned medium of 
the cells transfected with the pCEPshOBM, absorption at 450 nm increased according to 
th ealong with an increase in the proportion of the conditioned medixmi in th e plat e 
wh e r e in the condition e d m e dium of th e c e lls transfect e d with pCEPshOBM was 
immobiliz e d added. Meanwhile , wh e r e as no such incr e as e in absorbanc e was s ee n in the 
plate wh e r e i nh aving th e solid-phased conditioned medium of the cells transfected with 
the vector pCEP 44, no increase in absorption was immobiliz e d observed . From these 
results, it was confirmed that secretedory-feffi ttvpe human OBM iswas 
produc e d expressed in the conditioned medixmi of the cells transfected with 
pCBPshOBM the pCEPshOBM . 
<IExample 25>1 
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Expression of tThioredoxin -hH uman OBM IFusion gProtein (Trx-hOBM) 

(1) Construction of a thior e doxi n Thioredoxin-hHuman OBM IFusion pProtein (Trx- 
hOBM) eExpression vVector 

TettlO of lOX ExTaq buffer (Takara Shuzo Co. , Ltd. ). 8 tJjil of 10 mM dNTP 
(Takara Shuzo Co ., Ltd .), 77.5 infill of sterilized distilled water, 2 ^ij^l of a HpUC19hOBM 
aqueous solution of pUClQhOBM (10 ng/figl), 1 V^yl of primer^ mouse OBM #3 ( SEP ID 
NO: 9) ( 100 pmol/^^il , Soquonco Tablo, Soquenco ID No. 9)} , 1 t:^gl of primer^ hOBM 
SalR2 (SEOEDNO: 14) ( 100 pmol/i^fjal , Soquonco Table, S e qu e nce ID No. 1 4 ),) and 0.5 
jigl of ExTaq (S-vkii/v^yX) (Takara Shuzo Co. , Ltd. ) were mixed and r e act e d (PCR) together 
in a micro c e ntrifug e l microcentrifuge tub e so as to cause a PCR reaction . After the 
reaction at consisiting of 95°C for 5 minutes, at-50°C for BBel second,-at 55*^C for enel 
minute, a^74°C for enei second^ and a^72°C for 5 minutes, athe cycle reaction 
consisting of a r e action at 96*^C for ejiei minute,-at 50°C for enei second,-at 55*^C for 
enei minute,-at 74°C for enei second^ and-at 72°C for 3 minutes, was repeated 25 times. 
From th e total r e action mixtur e An approximately 750 bp DNA fragment (750 bp) was 
purifiedi-The - from the whole amoimt o fr eaction solution. After the purified DNA 
fragment (whole) was dig e st e d cleaved with restriction enzymes Sail ( Talcara Shuzo 
G eTAKARA SHUZO CO., LTD .) and BspHI (Now England Bilabs Co N EW 
ENGLAND BILABS CO., LTD .), and subj e ct e d to oloctrophoroGis on a 1% agarose gel 
electrophoretic migration was carried out so as to obtain purifi e d purifv an approximately 
320 bp DNA fragment ( Fragm e nt 1, about 320 bp). Th e fragment was dissolv e d 1) and 
dissolve the fragment in 20 iJjxl of sterilized distilled water. In th e sam e mann e r. 
Similarly, an approximately 450 bp DNA fragment (Ffragmen t 2, about 4 50 bp) obtain e d 
by dig e stin g 2) which is a cleaved product of 4 ^igg of pUC19hOBM wk hdescribed in 
Example 19-(3) by a restriction enzymes BamHI^ and BspHI ( Takara Shuzo Co TAKARA 
SHUZO CO., LTD .) and about 3.6 kb of DNA fragment ( Fragment 3, about 3.6 
k bfragment 3) , obtain e d by dig e stin g which is a cleaved product of 2 i:^jig of pTrXFus 
(In¥vitrogen Co. , Ltd.) wt feby a restriction enzymes BamHI^ and Sail ( Takara Shuzo 
G eTAKARA SHUZO CO., LTD .) were roopoctivoly p urified and then dissolved in 20 
t^iilofsterilized distilled water. Tho QL\EXII To purify the DNA fragments, a OIAEXR 
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n gel extraction kit was used for purification of th e DNA fragm e nts . Fragments 1 
Fragment L 2 and 3 were Mgatedcombined by incubating at 16^C for 2.5 hours usin g use 
of a DNA ligation kit ver. 2 ( Talcara Shuzo Co TAKARA SHUZO CO.. LTD .) by keeping 
them at 16°C for 2.5 hours . Using th e hgation r e action, E scherichia coli GI724 strain 
(Invitrogen Co ., Ltd .) was transformed according to th e using the ligation reaction 
solution, in accordance with a method described in th e histruction Manual of an 
instruction manual attached to a ThioFusion Expression System (Invitrogen Co. , Ltd. ). A 
microorganism strain wit hF rom the obtained ampicillin-resistant transformants, a clone, 
having a plasmid in which thean hOBM cDNA fragment is fiis e d in fram e was bound to _a 
thioredoxin gene in the same reading frame, was selected from th e r e sulting ampicillin 
r e sistant transformants b y analysis of DNA r e striction map ma pping obtained by dig e stion 
with-restriction enzyme cleavage and-by determination of DNA sequences. The 
microorganism strain thus obtained strain was named GI724/pTrxhOBMT25 . 
(2) Expression of Trx hOBM OBM in Escherichia coli 

A^GI724/pTrxhOBM strain and a_GI724 containin g strain transformed with 
pTrxFus (GI724/pTrxFus) were r e sp e ctiv e ly cultured six hours with shaking at 3037°C 
for 6 hours in 2 ml of RMG-Amp medium (0,6% Na2HP04, 0.3% KH2PO4, 0.05% NaCl, 
0.1% NH4CI, 2% casamino acid, 1% glycerol, 1 mM MgCl2, 100 t^jag/ml ampicillin, pH 
7.4). Th e broth ( 0.5 ml ^ of the culture suspension was added to 50 ml of Induction 
medium (0.6% Na2HP04, 0.3% KH2PO4, 0.05% NaCl, 0.1% NH4CI, 0.2% casamino 
acid, 0.5% glucose, 1 mM MgCl2, 100 \St^m\ ampicillin, pH 7.4) and cultured ¥»4th 
shaking at 30°C. Wh e n OD ^ooB m r e ach e d about 0.5, L-tryptophan was added so as to 
achieve a final concentration of 0. 1 mg/ml . follow e d by culturing wit h when the value at 
ODfiofVnn i became about 0.5. and the cells were further shakin g-cultured at 30°C for an 
additional another 6 hours. The cculture bret bsuspension was centrifiiged at 50003^000 
3eX g so as to collect flie-cells, which w e r eand the n the collected cell was suspended in 
12.5 ml of PBS. The suspension was subjected to an ultrasonic generator (Ultrasonics 
Co. . Ltd.) so as to disfup tcrush the cells. Then disrupt c e lls w e r e the sample was 
centrifiiged at 700 07,000 xX g for 30 minutes so as to obtain a sup e matant liquid as a 
collect a soluble protein fractio n as a supematant . T^IO l=fja,l of this solubl e prot e in the 
solution fraction was subjected to SDS -PAGE (10% polyacrylamide-fiO%) 
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e l e ctrophor e sis under reducing conditions. As a result, a&-shown in FigweFig. 23, a 
protein band wit hhaving a molecular weight of 40^00 Qabout 40,000, which wascould not 
be seen in the soluble protein fraction of GI724/pTrxFus, was detected in the soluble 
protein fraction of GI724 /pTrxFus was found in th e soluble prot e in fraction of 
GI72 4 /pTrxhOBM p TrxOBM . Accordingl y From the above results , it was confirmed that 
a thioredoxin-himian OBM fixsion protein (Trx hOBM) of thior e doxin and human OEM) 
was expressed in the Echerichia coli clone. 

(3) Binding Ability of Trx-hOBM Escherichia coli i^ Binding capability of Trx 

h^ Mto OCIF 

Binding of th e e xpr e ss e d Trx hOBM to OCIF It was confirmed according tob y the 
following experimen t that the expressed Trx-hOBM bound to OCIF . Ant tThat is, 100 \i\ 
of anti -thioredoxin antibody (Invitrogen Co. , Ltd.) which was diluted SOOO fol d to be 
1/5,000 with 10 mM sodiimi hydrogen carbonate aqueous solution was added to each 
well of a 96- well immunoplate (Nimc Co. , Ltd.) , inand the amount of 100 |Jl p e r w e ll. 
Aft e r b e ing allow e d p late was left to stand at 4°C overnigh t at 4 °C, . After the 
Jiquidsolution in theeach weHscell was discardedr-Twe^ hundr e d 200 ^gl of a solution 
pr e par e d obtained by diluting Block Ac e ™ B LOCKACE (Snow Brand Milk Products Co., 
Ltd.) twe-feld to be 1/2 with PBS (B A-PBS) was added to each well . Aft e r b e ing 
allow e d , and then the plate was left to stand for on e hour at room temperature i for 1 hour. 
After the w e lls w e r e solution was discarded, each well was washed with P-PBS three 
times with P PBS . ^Ht elOO |j,l of the GI724/pTrxOBM-derived soluble protein fractions 
originating from fraction solution diluted stepwise with B A-PBS. and 100 \x\ of the abov e- 
d e scrib e d GI72 4 /pTrxhOBM or GI724/pTrxFusr^ae h-derived soluble protein fraction 
solution diluted stepwise with BA-PBS in various conc e ntrations^ were added to each 
well inand the amoimt of 100 ul. Aft e r b e ing allow e d plate was left to stand for two hours 
at room temperature ? for 2 hours. After each well was washed with P-PBS three times 
with P PBS and charged with^ 100 t^gl of OCIF (100 ng/ml) which was diluted with BA- 
PBS . Aft e r b e ing allow e d , was added to each well and the plate was left to stand for two 
hours at room temperature ? for 2 hours. After each well was washed with P-PBS three 
times with P - PBS and charg e d with^ 100 ^=^Jal of peroxidase-labeled anti-OCIF antibody 
(described in WO 96/ 26217) which waG 26217, diluted to be 1/ 2,000-feM with BA-PBSt 
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Aft e r b e ing allow e d , was added to each well and the plate was left to stand for two hours 
at room temperature r for 2 hours. After each well was washed six tim e s with P-PBS and 
charg e d with six times, 100 ^jal of TMB solution . Aft e r b e ing allow e d was added to each 
well, and then the plate was left to stand at room temperature for about 10 minutes-at 
room t e mp e ratur e . Thereafter , e ach w e ll was charg e d with 100 ^ijxl of t e rmination 
solution ( Stopping Reagent ). Absorbanc e was added to each well. The absorbance of 
each well at 450 nm was measured b y means of a microplate reader. The results are 
shown in Ftgur eFig. 24. Th e r e was no No difference in th e absorbanc e w as observed 
between absorbance resulted in the sampl e with p resence and absence of the solubl e 
prot e in fi-action originating fi-om GI724/pTrxFus add e d th e r e to -derived soluble protein 
fraction solution and , while with the sampl e without th e addition of 
fet sGI724/pTrxhOBM-derived soluble protein fractio n. On th e oth e r hand solution , the 
absorbance increased depending on an increase i n th e sampl e s to which th e solubl e 
prot e in fraction originating from GI72 4 /pTrxhOBM was add e d in proportion to the 
concentration of the GI724/pTrxOBM derived soluble protein fractio n solution . 
S ^Further, Fig. 25 shows the results of th e oth e r mi experiment wh e r e i ni n which the 
dilution rate of the soluble protein fraction solution to be added was maintain e d kept 
constant (1% concentration ) whil e addin g and OCIF (0-100 ng/ml) diluted stepwise with 
BA-PBS in diff e r e nt conc e ntrations (0 100 ng/ml) ar e shown in Figur e 25. was added. R 
can b e s ee n that For the GI724/pTrxFus-derived soluble protein fraction solution, 
absorbance remained low at any conc e ntrations regardless of the concentration of 0CIF4n 
sampl e s using a solubl e prot e in fraction originating from GI72 4 /pTrxFus , wh e r e as while 
for the GI724/pTrxhOBM-derived soluble protein fraction solution, absorbance increased 
in proportion to th e OCIF conc e ntration in th e sampl e s to which th e solubl e prot e in 
fraction originating from GI72 4 /pTrxhOBM was add e d concentration-dependent maimer . 
Bas e d on th e s e r e sults, it it was confirmed from this result that Trx-hOBM which is 
produced fremin GI724/pTrxhOBM has a capability of bindin gh ad an ability to bind 
OCIF. 

(4) Large - s Scale cultivation Culture of Escherichia coli w hich produc e s Producing 
Trx-hOBM 
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GI724/pTrxhOBM c e lls w e re was spread on an RMG-Amp agar medium (0.6% 
Na2HP04, 0.3% KH2PO4, 0.05% NaCl, 0.1% NH4CI, 2% casamino acid, 1.5% agar, pH 

7.4) ttsiftgwith a platinum transf e r lOOp. Th e c e lls w e r e loop and cultured at 30^C 
overnight at 30°C . The cultur e d cells were suspended in 10 ml of Induction mediumT 
Th e, and every 5 ml of the suspension was added (5 ml for to each) teof two 3-4- 
Erl e nm e y e r conical flasks of 2L volxmie containing 500 ml of Induction medium^ and the 
flasks were shaking- cultured at 30°C with shaking . Wh e n th e OD^ ooa ffl r e ach e d about 0.5, 
L-tryptophan was added so as to achieve a final concentration of 0.1 mg/ml . Culturing 
¥i4 fe when absorbance at ODfinonm became about 0.5, and the shakin g culture at 30°C was 
continued for si xanother 6 hours at 30°C . The culture bfe fesuspension was centrifuged at 
3,000 X g for 20 minutes at 3000 x g so as to collect cells and the collected cellsr^whieh 
were then suspended in 160 ml of PBS. The suspension was subjected to an ultrasonic 
g e n e rato r ultrasocination (Ultrasonics Co. , Ltd. ) so as to disfup tcrush the cellsr-The 
sup e rnatant liquid , and the cell lysate was then centrifuged at 7,000 X g for 30 minutes at 
7000 X g so as to ebtaincollect a soluble protein fractio n as a supematant . 
£5} Preparation of OCIF4Inmiobilized a Affinity eColumn 

Twe2 g of TSKgel AF-Tekesyl Tevepa lTOYOPAL 650 ( Tosoh Corp TOSO CO., 
LTD .) and 40 ml of 1.0 M potassium phosphate buffer (pH 7.5) containing 35.0 mg of 
recombinant OCIF, which was prepared according to th e bv a method described in WO 

96/26217, were mixe d. Th e mixtur e was together and gently shaken at 4^C overnight 
atso 4^as to effeetcause a coupling reaction. Th e r e action mixtur e was c e ntrifug e d to 
r e mov e th e sup e matant. To inactivate excessive active r e sidu e s residue, after a 
supematant was removed by centrifugation , 40 ml of 0.1 M Tris-HCl buffer (pH 7.5) was 
added to tbea precipitated carrier^ and the mixture was gently shaken at room temperature 
for eml hour. Th e carri e r in a column was wash e d with A fter 0. 1 M glycine-HCl buffer 
(pH 3,3) containing 0.01% Polysorbate 80 and 0.2 M NaCl aft d(pH3.3) and a 0.1 M 
sodium citrate buffer (pH 2.0) containing 0.01% Polysorbate 80 and 0.2 M NaClr-^he 
earne r (pH 2.0) were passed through a column ( in which the obtained gel was packed) so 
as to wash it, the column was e quilibrat e d by chargin g washed twice with 10 mM sodium 
phosphate buffer (pH 7.1) containing 0.01% Polysorbate 8O 78O (pH 7.4) so as to 
equilibrate it. 
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(6) Purification of Trx-hOBM ttsm gbv OCIF4Immobilized a Affinity eColumn 

Unless othorwis e indicat e d, purificatio nP urification of Trx-hOBM was carried out 
at 4°C unless otherwise stated . TheAfterthe above-mentioned OCIF-immobilized 
affinity carrier (10 ml) and the above-mentioned soluble protein fraction solution (120 
ml) pr e par e d described in Example 25^(4) were mixed:r-¥h e together, the mixture was 
gently shaken at 4°C ovemight-aM^ in four 50 ml centrifugel tubes «singbyjiseof a 
rotor. An Econo column™ The carrier in the mixture was filled an EconoColumn 
(internal diameter: 1.5 cm, length: 15 cm, manufactur e d by BioRad B io-Rad Co. , Ltd. ) 
was fill e d with th e carri e r in th e mixtur e. The column was charg e d with 300 ml of PBS 
containing 0.01% Polysorbate 80, 100 ml of 10 mM sodium p hosphate buffe r (pH 7.0) 
containing 0.01% Polysorbate 80 and 2.0 M NaCl (pH 7.0V and 100 ml of 0.1 M glycine- 
HCl buffer (pH 3.3) containing 0.01% Polysorbate 80 and 0.2 M NaCl (pH 3.3) were 
passed through the column , in that ord e r tum, so as to wash the column . N ^Then , 
prot e ins adsorb e d in th e column w e r e e lut e d with 0.1 M sodium citrate buffer (pH 2.0) 
containing 0.01% Polysorbate 80 and 0.2 M NaCl (pH 2.0) was passed through the 
column so as to elute proteins adsorbed to the column . Th e e luat e was coll e ct e d in 5 ml 
portions eluates were fractionated . Each fraction thus coll e ct e d was imm e diat e ly 
neutraliz e d with addition o f To the fractions, 10% volume of 2 M Tris buff e r solution 
(pH 8.0) was added so as to immediately neutralize the fractions . Pr e s e nc e The presence 
or absence of Trx-hOBM in the e lut e d fractions each fraction of the eluate was 
d e t e rmin e d according to examined in accordance with the method pr e viously described in 
Example 25^(3) (th e binding capability to OCIF) . Th e fractions Fractions containing Trx- 
hOBM were collected and purified fixrther. 
£7) Purification of Trx-hOBM by gGel IFiltration 

About 25 ml of the Trx-hOBM fractions obtain e d described in Example 25^(6) 
was concentrated using a centrifiige to about 0.5 ml by c e ntrifiiging usin g use of a 
Centriplus RIO and _a Centricon RIO (Amicon Co. , Ltd. ). Thi sThe concentrated sample 
was appBe dsubiected to a Superose R12 HR 10/30 column (hQl.O ?eX 30 cm, Pharmacia 
Co. . Ltd. ) pr e viously equilibrated in advance with PBS containing 0.01% Polysorbate 80. 
For th e s e paration. The column was developed at a flow rate of 0.25 ml/min by using PBS 
containing 0.01% Polysorbate 80 was us e d as a mobile phase at a flow rat e of 0.25 
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ml/min. Th e e luat e so as to fractionate every 0.25 ml of eluates from the column-was 
coll e ct e d in 0.25 ml portions . ^fte-Trx - hOBM OBM in the thus coll e ct e d fractions was 
detected by the sanfie-method as pr e viously described in the-Example 25^(3) and SDS- 
PAGE. Fractions containing purified Trx-hOBM were collected aa dso as to measure the 
protein concentration of Trx hOBM was d e t e rmin e d^ M. The m e asur e m e nt of th e 
protein concentration was carri e d ou t measured with DC-protein assay kit fBio-Rad Co., 
Ltd.) using bovine serum albumin as a reference standar d substanc e using DC Prot e in 
assay Icit (BioRad Co .)? 
<[Example 26>] 

Ost e oclast formation inducing activity of hOBM 

Osteoclastogenesis Inducing Activity of OEM 

phOBM and pcDL-SR-eea296 were r e sp e ctiv e ly transfected into COS-7 cells 
using Lipof e ctamin e b y use of lipofectamine (Gibco Co. , Ltd.), respectively . TheAfter 
the cells were cultured for on e day in DMEM containing 10% FCS for 1 day , they were 
trypsinized and seeded in a 24-well plate , plat e d o ni n which glass cover slips (15 mm 
roun d shap e, manufactur e d by Matsunami Co. , Ltd.) in 2 4 w e ll plat e s w ere seated, at a 
concentration of 5 X 10^ cells-pef-Zwell^ an d then cultured for ^another two days. The 
culture plate was washed enee-with PBS . Th e c e lls w e r e fix e d wit h once and then PBS 
containing 1% paraformaldehyde was added, and the cells were incubated at room 
temperature for 8 minutes so as to fix the cells on the glass cover slips . Th eAfter the 
plate on which th e with fixed cells w e r e attach e d w as washed 6 tim e s w ith PBSr4he H six 
times, 700 l=fjil of mouse spleen cells suspended at 1x10 kf^in aa-MEM {containing 10* 
M activ e- for m activated vitamin D3, 10"^ M dexamethasone^ and 10% fetal bovine serum) 
in an amount of 1 X 10^ cells/ml were added to each well. Millic e ll A MILLICELL® 
PCF (Millipore Co. , Ltd. ) was set mon each well^ and aTOO susp e nsion tJ of ST2 cells^ 
suspended in the above- m e ntion e d cultur e medium fin a concentration of 4 xX 10"^ 
cells/ml) were added , 700 | Jl p e r w e ll, intoj g the MiHieet lMILLICELL® PCF follow e d 
by incubatio n and cultured at 37°C for 6 days. After th e cultur ethat, the 
Millic e ll M ILLICELL® PCF was removed ? and the plate was washed enee-with PBSt 
^^ donce. Then, the cells were fixed ^4 fefor a minute by an acetone-ethanol solution 
(50:50) for on e minut e . Th e n , feeand cells^ e xhibitin g having tartaric acid- resistant acid 
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phosphatase activity (TRAP activity) , which is-a specific marker lerof osteoclast, were 
s e l e ctiv e ly stained using LEUKOCYTE ACID PHOSPHATASE bv use of a leukocyte 
acid phosphatase kit (Sigma Co. , Ltd.) . A sUsing a r e suh of microscopio 
obs e rvatio nm icroscope , cells having TRAP positiv e eeHsactivity were not detected in the 
wells in which h aving COS-7 cells transfected with the p cDL-SR oQ96 w e r e fix e d. In 
contrast, a296, while 65 ^ 18 (n = 3, average ±± standard deviationrn=^) of TRAP 
positive cells were observed in the wells in which COS 7 having cells transfected with 
phOBM w e r e fix e d . Mor e ov e r, e xpr e ssion o f Furthen it was also confirmed that these 
TRAP positive cells expressed calcitonin rec e ptor was confirm e d b v receptors, since the 
fact that cells showed specific binding to ^^^I~labeled salmon calcitonin (Amersham Co.^ 
Ltd. ) specifically bound to th e s e TRAP positiv e c e lls . Bas e d on F rom these 
findings results , it has b ee n prov e n was revealed that human OEM, which is th ea protein 
encoded by the cDNA of the present invention, has had an activity to promote osteoclast 
formation- inducing activity . 
<[Example 27>] 

Ost e oclast formation inducing activity Osteoclastogenesis Promoting Activities of Trx- 
hOBM and sSecret edory-fem^Tvpe hHuman OBM 

Mouse spleen cells were suspended in ea-MEM containing 10"^ M activ e 
fer mactivated vitamin D3, 10*^ M dexamethasone^ and 10% fetal bovine serum at a 
concentration of 2 ?fcX 10^ cells /mlT-Th e, and 350 |il of the suspension was added to each 
well of a 24 well plate in th e amount of 350 ul p e r w e ll . Each w e ll was th e n charg e d 
wi feAfter 350 l=fjil of a solution prepared by diluting purified Trx-hQB MQBM/40 ng/ml) 
with the above m e ntion e d culture medium ( 4 0 ng/ml) , 350 l^gl of absolution prepared by 
10 fold diluting a conditioned medium which was produc e d bv oulturin g obtained when 
293-EBNA cells , onto which transduced bv pCEPshOBM or pCEP4 were 
transf e ct e d x ultured in a cultur e m e diimi IMDM-10% FCS t to be 1/10 with the above- 
m e ntion e d cultur e medium, or 350 jijil enly-of the above m e ntion e d cultur e mediumz 
The Millicoll PCF (Mollipor e alone was added, a MILLICELL® PCF fMillipore Co.^ 
Ltd. ) was ptaeedset on each well, to which and 600 ^J^yl of ST2 c e lls which w e r e 
susp e nd e d cell suspension in the above m e ntion e d cultur e meditmi ^^1- ^at a concentration 
of4X 10'*_cells/ml) were added to the Millicell® PCF . After the cell were cultured for 



- 110- 



six6 days, the Millicell® PCF was removed^— Th e, and the plate was washed eaee-with 
PBS afid once. Then, after the cells were fixed for 1 minute by an acetone-ethanol 
solution. (50: 50) for on e minut e . Th e n , the-cells e xhibiting th e activity o fh aving tartaric 
acid resistant acidic phophatas e acid phosphatase activity (TRAP activity) were 
iselectivoly stained using LEUKOCYTE ACE) PHOSPHATASE b y use of a leukocyte 
acid phosphatase kit (Sigma Co. . Ltd.) . Th e r e sults of microscopic obs e rvation r e v e al e d 
feat^ie Using a microscope, cells e xhibiting th e h aving TRAP activity were not detected in 
the wells to which no not containing Trx-hOBM was add e d , wher e as w hile 1 15+ ± 19 (n = 
3, average ±± standard deviation7^i=3-) of TRAP- positive cells were observed in the 
wells to whic h containing Trx-hOBM was add e d . Similarly, whil e no cells 
e xhibitin g having TRAP activity were not detected in the wells t econtaining ^^4^iehthe 
conditioned medium of 293 'pCEP4 EBNA c e lls transfected with pCEP 4 had b e en 
adde d293-EBNA . while 1254^ ± 23 (n = 3. average ±± standard deviation7^i=^) of TRAP 
positive cells were observed in the wells tecontaining whiehthe conditioned medium of 
29 ^pCEPshOBM - EBNA colls transfected with pCEPshOBM had been added 293-EBNA . 
Mor e ov e r Furthermore , e xpr e ssion of calcitonin r e c e ptori t was also confirmed by th e fact 

that these TRAP positive cells expressed calcitonin receptors, since the cells showed 

1 0^ 

specific binding to I- labeled sdieraion calcitonin (Amersham Co. , Ltd.) sp e cifically 
binds to . From these TRAP positiv e c e lls. Th e s e results hav e prov e n , it was revealed 
that Trx-hOBM and s e cr e t e d form hOBM e xhibi t secretory-type OBM had an activity to 
promote osteoclast formation inducing activity . 
<IExample 28>1 

Preparation of ^Polyclonal aAntibody 

Mouse sOBM or human sOBM , which was used as an immunog e n inmiimizing 
antigen, was pr e par e d according to obtained in accordance with the above-mentioned 
method d e scribed abov e. Esp e ciall v That is , mouse sOBM cDNA (cDNA (S e qu e nc e ID 
No. 18) e ncodin gw hich encodes mouse sOBM ( S e qu e nc e SEQ ID No rNO: 16) which 
do e s not hav e th e having no membrane binding r e gion of th e mous e OBM du e to abs e nc e 
ef-th esite and lacking amino acids ftembetween the N-terminal down to th e 72n d end and 
amino aci d 72 of mouse OBM: SEO ID NO: 18) or human sQB MOBM cDNA (cDNA 
(S e qu e nc e ID No. 19) e ncodin g which encodes human sOBM ( S e qu e nc e SEQ ID No rNO: 
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17) which does not hav e th e having no membrane binding r e gion of human OBM du e to 
abs e nc e of th e site and lacking amino acids fee mregion between the N- terminal down to 
tfee end and amino acid 71 st amino acid of human OBM: SEP ID NO: 19) was ligat e d . 
together with a Hind III/EcoRV fragment (5.2 kb) of th ea pSec TagA expression vector 
pS e o TagA (InVvitrogen Co. . Ltd. ) including th e , containing nucleotide sequence 
e ncodin g coding a signal peptide of ffK-chain of immunoglobulin, tog e th e r with and an 
EcoRI/PmaCil fragment (0.32 kb) of OBM cDNA, usit tgwere subjected to ligation by use 
of a Ugation kit ver. 2 ( Talcara Shuzo Co TAKARA SHUZO CO.. LTD .). Escherichia 
coli DH5-6Hva sa were transformed with the reaction product. Th e plasmids Plasmids 
were purified from the obtained from th e r e sulting ampicillin ::resistant strains w e r e 
purifi e d by th e alkali clones by alkaline SDS method and dig e st e d with a n cleaved by 
restriction e nzvm e enzymes so as to select a plasmid wt fehaving 0.6 Kbkb and 0.32 kb of 
fragments inserted intein pSec TagA. Th e s e qu e nc e As a result of thi sdetermining the 
sequences of the plasmid was id e ntifi e d using th e Dved e oxvt e rminato rb y use of Dye 
Terminator Cycle Sequencing FS kit (product of Perkin Elmer Co, \ Ltd . As a r e sult ), it 
was confirmed that thise plasmid has a s e qu e nc e had sequences encoding mouse or human 
sOBM. Aft e r The plasmid was dig e st e d cleaved wifeby restriction enzymes 
Nh e l/XhoL N hel and Xhol and then a fragment (1.0 kb) corresponding to secretion 
ji^ m-type OBM cDNA was r e cov e r e d collected by agarose gel electrophoresis. Thise 
fragment was inserted into an Nhel/Xhol fragment (10.4 kb) of tbe^ expression vector 
pCEP4 (LiVvitrogen Co. . Ltd.) usift gby use of a ligation kit ^, and E scherichia coli DH5 
€Hva sa were transformed usifi gby use of the reaction product. Plasmids were purified by 
th e allcali SDS from the r e sultin g obtained ampicillin ^resistant strains. Analyzing th e s e 
plasmids by dig e sting with a clones by an alkaline SDS method and cleaved by restriction 
e nzvm e , enzymes and analyzed so as to select a Escherichia coli poss e ssin g clone having a 
s e cr e tion tvpe secretory OBM expression plasmid (pCEP sOBM) having-with_the 
obj e ctiv e target structure was s e l e ct e d . The Escherichia coli strainclone having the pCEP 
sOBM was cultured^ and the p CEP sOBM was purified usift gbv use of a Qiafilt e r plasmid 
fflidv4a tOIA® Filter Plasmid Midi Kit (Oiage nOIAGEN Co .. Ltd .). Next, 293-EBNA 
cells werewas suspended in IMDM containing 10% PCS (IMDM-10% PCS) containing 
10% PCS and ptate dseeded efttein a-24 - collagen-coated 24 well plate coat e d with 
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collagen (product of Sumitomo Bakelite Co., Ltd.) at a c e ll d e nsit y in an amount of 2 
10^ cells/2 ml/well . Aft e r , and cultuiinged ovemight T. To the cells were tranform e d 

1 ^iig of pCEP sOBM or pCEP4 usm gwas transfected by use of 4 |:*jil of 
tlipofectamine (Gibco Co. . Ltd.) , and fefee rthe cells were cultured for twe anothcr 2 
days in 0.5 ml of serum-free IMDM or IMDM-10% PCS , thereby collecting a 
conditioned medium . The cultur e sup e rnatant was r e cov e r e d. A c e ll lin e clones with high 
productivitj^ of recombinant mouse soluble OBM (msOBM) or human soluble OBM 
(hsOBM) wa swere screened as follows in the following manner . Sodium 
bicarbonat e After sodium hydrogen carbonate was added to the cultur e sup e rnatant which 
is assum e d conditioned medium seemed to contain msOBM or hsOBM teat a final 
concentration of 0.1 M . On e ^ hundr e d 100 of the cultur e sup e matant conditioned 
medium was added to each well ffiof 96- well immunoplates (Nunc Co. ) and allow e d to 
stan d, Ltd.) and the plate was left to stand at 4^C ovemight at 4 °C, th e r e b y so as to solid- 
phase the msOBM or hsOBM in the cultur e sup e rnatant was immobiliz e d conditioned 
medium on each well. To e ach w e ll Then , 200 of Block Ac e T MB LOCKACE (Snow 
Brand Milk Products Co., Ltd.) solution diluted feuF-fel dto 4 times with PBS (B-PBS) 
was added and th e plat e s w e r e allow e d to stand for two hours to each well of the plate and 
the plate was left to stand at room temperature for 2 hours . After washing e ach w e ll in 
th e plat e s three times with PBS-^^^^BS) containing 0.1% Polysorbate 3Q r20 (P-PBS), 100 
of eaeh-recombinant OCIF (rOCIF) solution < ^iluted stepwise (0 -100 ng/ml) dilut e d 
s e rially w ith PB-PBS was added to each well inand the plat e s. Th e plat e s w e r e 
allow e d plate was left to stand at 37°C for twe2 hours at 37°C . After washing th e plat e s 
three times with PBS, 100 \^yl of arperoxidase- labeled anti-OCIF polyclonal antibody 
(WO 96/26217)^ diluted with B-PBS, was added to each well . Aft e r allowin g and the 
plate was left to stand at 37°C for twe2 hours at 37°C, th e w e lls w e r e wash e d, _After 
washing six times with P-PBS^-Hi^, 100 of TMB solution (TMB Soluble 
R e ag e nt Agent , High Ssensitivity, ScyTtek Co. . Ltd.) was added to each well in th e plat e s 
and th e plates w e r e allow e d left to stand at room temperature for about 10 minutes^ 
subs e quently th e r e action was t e rminat e d by addin g . Thereafter. 100 ^jil of a stopping 
solution ( Stopping Reagen t, ScyT e k Co.) to e ach (Scytek Co.. Ltd.) was added to each 
well. The absorbance of each well . Absorbanc e at 450 nm of e ach w e ll was measured 
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ttsift gbv means of a micrdplate reader. It was confirmed that in the plate having the solid- 
phased protein derived from conditioned medium of the clone producing msOBM or 
hsOBM, the absorbance significantly increased remarkably in proportion to the 
concentration of the added-OCIF . As infor the plat e s in which msOBM or hsOBM in th e 
cultur e sup e rnatant of th e c e ll lin e clones producing msOBM or hsOBM was immobiliz e d 
th e r e in.Th e c e ll lin e that e xhibit e d , clones indicating a high rate of increase in the 
absorbance wa swere selected as a a strain with hi | gh productivit y highly producing clones 
thereof Thus r e lat e d 293 EBNA c e lls with high productivit y Each of the highly 
producing clones of msOBM or hsOBM selected in the above mentioned manner w ere 
mass- cultured on a larg e scal e in a nb y use of IMDM m e dium containing 5% PCS , using 
as a medium in 25 T-flasks (T-225). After the cells r e ach e d grew to confluentey, alOOml 
of fresh ettltttre-medium was added to each T 225 flask in th e amount of 100 ml p e r 255 
flask and the cells were fiirther cultured for 3- or 4 days, to coll e ct th e cultur e 
sup e matant and then a conditioned medium was collected . Th e s e proc e dur e s w e r e 
r e p e at e d fou r By repeating this procedure 4 times to obtain^ 10 tliters of the 
ettltureconditioned sup e matan t medium containing msOBM e rand 10 liters of the 
conditioned medium containing hsOBM were obtained . Purifi e d msOBM ( About 10 mg4 
or hsOBM ( of purified msOBM and about 12 mg 4 of purified hsOBM , which shows 
homog e n e ous ban d were uniform (molecular weight: 32 kDa) e nin terms of SDS- 
polyacrylamide gel-electrophoresis, were obtained fre mby carrying out purification on 
the cultur e sup e rnatant by m e ans o f above-obtained conditioned medium with affinity 
chromatography enusing an OGff rOCDF-immobilized column and gel filtration 
chromatography according to in accordance with the method described in eExamples 25- 
(6) and 2#(7). Eae hThe thus-obtained purified pr e paration samples wa swere used as an 
antig e n for immunizatio ni mmimizing antigens . Each prot e in antig e n The obtained 
wa santigens each were dissolved in phosphate buffered saline (PBS) teat a concentration 
of 200 \^\ig/ml and e mulsifi e d then the solution was mixed with an equivalent 
vefemeamount of Freund's complete adjuvan t so as to be emulsified . Qml ml of 
theeach emulsion was subcutaneously immuniz e d administered to e ach of three Japanese 
white rabbits at intervals of about onc e e v e r y one week so as to immunize the rabbits . A 
boost e r inj e otio n An antibody titer was give nmeasured, and when the antibody titer 
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reached a pe^ anaximum, a booster was carried out . Whel elO days after the booster, all 
blood was collected 10 days th e r e aft e r from all the rabbits . Th e s e rum A ntiserum was 
diluted to two-fel d times with-a binding buffer for pProtein A s e pharos e Sepharose® 
chromatography ( BioRa dB io-Rad Co. , Ltd.) and €^plie dthen added to a pProtein A 
column equilibrated with the sam eabove buffer. After washing the column 
e xt e nsiv e l y was efficiently washed with the sma eabove buffer, thean anti-sOBM antibody 
adsorbed to the colimm was eluted wifeby an elution buffer ( BioRad B io-Rad Co .. Ltd .) 
or 0.1 M glycine-HCl buffer^ (pH ^70 r2.9 to 3.0). ¥ eln order to immediately neutralize 
the antibody-containing eluate imm e diat e ly , the efaat eeluted solution was fractionated 
usift gby use of a test tubes containing a small amovmt of 1.0 M Tris-HCl (pH 8.0). The 
antibody eluate was dialyzed against in PBS at 4°C ovemight-aM^. The antibody 
eenten tamoimt of protein in the antibody solution was measured b yin accordance with the 
Lowry method using bovine IgG as a standar d prot e in . Thus, about 10 mg oft he purified 
immunoglobulin (IgG) containing the polyclonal antibody of the present invention was 
obtained in an amount of about 10 mg p er 1 ml of rabbit antiserum was obtain e d . 
<[Example 29>1 

Measurements of OEM and sOBM by ELISA Using Polyclonal Antibody 

Sandwich ELISAs. using the rabbit anti-hsOBM p olyclonal antibod yA s andwich 
ELISA was construct e d using th e rabbit anti human sOBM polyclonal antibody obtained 
in Example 28 as tfee-a_solid phase antibody and e nzym e ■ as an enzyme labeled antibody^ 
were constructed . P e roxidas e A s enzyme labeling, peroxidase (POD) lab e l e d 
antibod y labeling was pr e par e d according to th e carried out in accordance with a method 
of Ishikawa et al (Ishikawa et aL-;: J. Lnmimoassay, Vol. 4, 209 327,1983 to 327. 1983 ). 
The anti- human sOB Mh sOBM polyclonal antibody obtained in-fee Example 28 was 
dissolved in a 0.1 M NaHC0^4 e solution at a concentration of 2 |Jg/ml. On e 
hundr e d jig/mL and 100 ^jal ofthe resulting solution was added to each well inof 96- well 
immunoplates (Nunc Co. ), which was th e n allowed , Ltd.) and the plate was left to stand 
at room temperature overnight. Nex tThen , 200 ^jil of 50% Block AcqT ^ LOCKACE 
(Snow Brand Milk Products Co., Ltd.) was added to each well^ and the plates^w«=e 
allow e d was left to stan d for on e hour at_ at room temperature r for 1 hour. Tbe -Each wells 
weF e was washed thr ee tim e s w ith PBS containing 0.1% Ppolysorbate 20 (washing 
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buffer) .Human three times. The purified human OBM , which was expressed according 
tein the m e thod o f same manner as in Example 26 and was p urified according to in the 
m e thod o f same manner as in Example 2. Th e purifi e d human 0BM 2^ and the pxirified 
human sOBM^ pr e par e d obtained in e xampl e 28 w e r e s e riall y Example 28, was diluted 
stepwise with the-fifs tprimarv reaction buffer (0.2 M Tris-HCl buffe r, pH 7.2, containing 
40% Block Aco BLOCKACE and 0.1% PolvGorbato 2 0 polvsorbate 20, pH 7.2\ 
r e sp e ctiv e ly, and 100 ul of th e dilut e d solution was |il of each diluent were added to each 
well^fl . After the plat e s. Th e plat e s w e r e allow e d plate was left to stand at room 
temperature for twe2 hours, ^ ^ach well was washed thr ee tim e s with the above- 
m e ntion e d washing buffe r three times . Subs e qu e ntly, 100 lri]il of POD- labeled anti- 
human sOBM polyclonal antibody^ diluted 1000 fold LOOP times with the 
seeen dsecondary reaction buffer (0.1 M Tris-HCl buffe r, pH 7.2, containing 25% Block 
Aee BLOCKACE and 0.1% Polvsorbat e 20 p olvsorbate 20. pH 7.2 ) was added to each 
well mand the plat e s. Aft e r th e plat e s w e r e allow e d plate was left to stand at room 
temperature for twe2 hours-^eEach well was washed thr ee tim e s with the washing 
buffe r three times . N e xt, 100 trirjal o f e nzym e substrate solution (TMB, ScyTek Co.^ 
Ltd.) was added to each well in th e plat e s , and the plate s w e r e allow e d was left to stand at 
room temperature for 10 minutes , follow e d by th e addition of ^ 100 frirjol of-a reaction 
t e rmination sto pping solution (Stopping reagent, ScyTek Co. , Ltd. ) was added to each 
well so as to stop the enzyme reaction. The absorbance at 450 m nm of each well was 
measiu*ed usm gbv use of a microplate reader. The results are shown in FiguFeFig. 26. 
The sandwich ELIS A^ using athe rabbit anti-human sOBM polyclonal antibody 
r e cogniz e d^ almost equally detected both human sOBM (molecular weight^i about 32 
kDa) and human OBM (molecular weight^: about 40 kDa), with a and measurement 
sensitivity efwas about 12.5 ?eX 10"^ pmol/ml ( human OBM: about 500 pg/mU for himian 
sQBM fOBM, about 400 pg/ml for human sOBM ). Th e m e asur e m e nt it was revealed that 
measurements of mouse sOBM and mouse OBM by ELISA using the rabbit anti-mouse 
sOBM polyclonal antibody obtained in the-Example 28 was abl e to could be carri e d 
eutmade in the same manne r. It was confirm e d that an e xtromol v as described above, 
measurement sensitivity in measuring mouse OBM or mouse sOBM was similar with that 
in human OBM or human sOBM, and a very small amount of mouse sOBM or mouse 
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OBM can b e measurod with almost tho Game s e nsitivity as d e scrib e d abov e . could be 
measured. 

As m e ntion e d abov e , th e 

As described above, since the present anti— human sQBM polyclonal antibody of 
th e pr e s e nt inv e ntion pr e par e d in th e Exampl e 28 can e qually r e cogniz e both th e 
polyclonal antibody obtained in Example 28 recognized both human sOBM and human 
OEM antig e ns. Th e r e for e , th e antibody was as antigen equally, it was named an anti- 
human OEM / hxmian OBM/sQBM polyclonal antibody. Meanwhile, since the anti- 
mouse sOBM polyclonal antibody. Similarly, th e anti mous e antibody obtained in 
Example 28 recognized both mouse sOEM and mouse OEM as antigen equally, it was 
named an anti-mouse OEM/sOEM p olyclonal antibody pr e par e d in th e Exampl e 2 8 can 
e qually r e cogniz e both th e mous e sOBM and mous e OEM antig e ns. This antibody was 
th e r e for e nam e d anti mous e OBM/sOEM polyclonal antibody. 
^Exampl e 30> 

Pr e paration of monoclonal antibody antibody. 
[Example 30] 

Preparation of Monoclonal Antibody 

The purified human sOBM pr e par e d obtained in-tbe Example 28 was used as4he 
antig e n for inmiunizatio n an immunizing antigen . The purified himian sOEM was 
dissolved in phvsiological phosphate buffered saline solution to at a concentration of 10 
pg/ml and e mulsifi e d by mixing with an e quival e nt volum e of Fr e xmd's compl e t e 
adiuvant |ag/ml. To the prepared human sOEM solution, an equal amount of Freund's 
complete adjuvant was added so as to emulsify it . Th e e mulsion was 
intrap e riton e all v Thereafter, 200 \il of the antigen was administered to BALE into the 
abdominal cavity of each Balb/ c mie emouse at an interval of one week for a des etotal of 
200 [Jl three times , onc e a w ee k, so as to immunize the mice. Nex tThen , th e e quivalent 
volum e of th e Fr e und's compl e t e adjuvant was added to a physiological saline solution 
containing 5 \J^ixg/m\ of the human sOBM , an equal amount of Freund's incomplete 
adjuvant was added so as to fiiUy emulsify it, and 200 |j,1 of the mixtur e was suffici e ntly 
e mulsifi e d. This emulsion was inj e ct e d intraperitonoally to BALB administered to each 
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of the above Balb/ c mice at a dos e of 200 ul. onc e a one week intervals fo r a total of four 
w ee ks for immimizatio n times so as to further immunize the mice . ^^ After the passage 
of one week afte rfrom the fourth additional immunization, 100 ^jal of aphosphate 
physiological b uffered saline solution containing 10 t^gg/ml of the human sOBM was 
intrav e nousl v parenterally administered to each of the BALB Balb/ c mice as-afor booster. 
Aft e r thr ee davs On the 3"^ day after the final immunization , the spleen was 
e xtract e d r emoved, and spleen cells were separated . Th e spl ee n c e lls w e r e and fused with 
mouse myeloma cells^ P3x63-AgAG8.653 according to in accordance with a 
conv e ntiona lk nown method (Koehler, G. and Milstein, C, Nature, 256, 495 (1975)). The 
susp e nd e d fus e d c e lls w e r e A fter completion of the fusion, the cell suspension was 
cultured for 10 days in ^a HAT medium containing hypoxanthine, aminopterin^ and 
thymidin e for 10 days . After the myeloma cells w e r e d e ad p erished and hybridomas 
appeared, the HAT-medium was replaced with an HT medium obtained by removing 
aminopterin-&e e from the HAT medium, and the eeH-culture was continued. 
<[Example 31>] 

Selection efand Cloning of Hvbridoma 

Since the appearance of the hvbridom a and cloning App e aranc e of hybridomas 
was r e cogniz e d 10 days aft e r seen on the 10^^ day fi'om the start of the cell fusion and 
culturing in Example 30. Monoclonal antibodi e s 30, a high affinity antibody recognizing 
the-human sOBM with high affinity and hybridomas and hvbridoma producing these 
antibodiesy were selected according to in the means of the following proc e dur e using th e 
improved solid phase ELISA which is d e scrib e d b e low . In addition F urther , to select 
^an anti-OBM monoclonal antibody which r e cogniz e s recognizing both of human 
sOBM and mouse sOBM, the mouse sOBM prepar e d obtained in-fee Example 27 was 
us e d in addition to as well as human sOBM was used as ^an antigen ferin the solid 
phase ELISA. Th e human H uman sOBM and mouse sOBM wer eeach resp e ctiv e l y was 
dissolved in a-0.1 M sodium bicarbonat e hydrogen carbonate solution at a concentration 
of 5 U|ag/ml . Fifty m l and 50 |al of each antigen solution was added to each well inofa 
96-iwell immunoplates (Nunc Co. 4. Ltd . Th e plates w e re allow e d ), and the plate was left 
to stand at 4°C overnight so as to immobiliz e attach the antigens. The antigen solution in 
each well was discarded . Each w e ll was th e n fill e d wit h , and 200 of 50% Block 
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Aee^BLOCKACE (Snow Brand Milk Products Co., Ltd.) and allow e d w as added to 
each well. The plate was left to stand at room temperature for mel hou r so as to cause 
blocking . After each well was washed with _a phosphate buffered saline solution (PBS P) 
containing 0.1% Ppolysorbate 20, 40 tri-iil ofeat ft>ovine serum ( Hiclon e Inc Hvclone Co.. 
Ltd.) was added to each well. Subs e quentl v Then , 10 i=ri-jal of-eaeh hybridoma cultur e 
sup e matan t conditioned medium was added to each well and eaehthe wet lplate was 
incubate d left to stand under a serum concentration of 80% at room temperature for twe2 
hours in th e pr e s e nc e of 80% calf s e rum so as to cause reaction . TheAn object of the solid 
phase ELISA in the presence of 80% ealf-serum is to select a hybridoma which produc e 
an antibody which can d e t e ct capable of binding to a v e ry small amount of human sOBM 
or mouse sOBM even in a solution containing high conc e ntratio n the presence of protein 
and in the pr e s e nc e of an immunor e action int e rf e rin g a serum-derived immune reaction 
inhibiting substance d e riv e d from s e rum in high concentration , jra rthat is, to select a 
hybridoma which can produce p roducing an antibody witb- ahaving high affinity for 
human sOBM or mouse sOBM. After completion of the reaction at room temperature for 
twe2 hours, the plates wer ewas washed with PBS—P^ and subs e qu e ntly, 50 ti i\xl of 
diluent of peroxidase- labeled anti-mouse IgG (KPL C eCO.. LTD .) diluted 5000 fold to 
5,000 times with_a physiological saline solution containing 25% Block Ac e BLOCKACE 
was added to each well . Aft e r , and the reactio np late was left to stand at room 
temperature for twe2 hours ^ so as to cause a reaction. After the plate was washed with 
PBS-P three times with PBS P. Aft e r th e addition of^ 50 t^rjil o f an e nzym e substrate 
solution (TMB, ScyTek Co. , Ltd.) was added to each well , th e r e action was continu e d 
and left to stand at room temperature for 6ve5 minutes. Th e e nzymatic r e action was 
stopp e d by th e addition o f Then, 50 tri-id of a t e rmination solution (r eaction stopping 
reagent (Stopping Reagent , ScyTek Co. , Ltd.) was added so as to terminate the enzyme 
reaction . Hybridomas which produc e antibodi e s r e cognizing human sOBM or mous e 
sOBM w e r e s e l e ct e d by m e asuring The absorbance at 450 nm of each well usingwas 
measured by use of a microplate reader ( Immun e R e ad e r lMMUNOREADER 
NJ30Qg ^2000, Nippon InterMmed Co. 4, Ltd . Hybridomas ) so as to select a hybridoma 
producing antibodi e s e xhibitin g an antibody which recognizes human sOBM or mouse 
sOBM. The hybridomas showing particularly high absorbance (OD450nm) were selectedr 
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Cloning of th e s e hvbridomas and repeatedly cloned 3 to 5 times by a limiting dilution 
method was r e p e at e d 3 so as to 5 tim e s to ostablish stabl e establised hvbridomas producing 
antibody stably . Hvbridomas e xhibiting particularly hie h Out of the obtained hybridomas. 
hvbridomas having higher antibody productivity were selected among th e e stablish e d 
antibody producing hybridoma clon es. 
<[Example 32>1 

Production and ^Purification of naM onoclonal aAntibody 

The antibody ■ producing hvbridomas antibodies obtained in-tbe Example 31, irOr 
high affinity antibody producing that is, the hybridom a producing an antibody which 
recognizes human sOBM with high affinity and the hybridoma producing the antibody 
which produc e s an antibody showin g has a cross-reactivity te-thewith mouse sOBM were 
cultured, r e sp e ctiv e ly, and Eeach hybridoma was implanted intrap e riton e ally to BALB in 
the abdominal cavity of a Balb/ c^nie e-based mouse which had been given pristanc 
(Aldrich Chemical Co., Ltd.) about a week before, in an amoimt of 1 10^ cells^^ 
/mouse ) to which pristan (Aldorich Co.) was administ e red on e w ee k pr e viously . After 
about 2- or 3 weeks, accumulated ascites w e r e coll e ct e d. Th e w as sampled so as to obtain 
ascites containing the monoclonal antibody, which r e cogniz e s antibody recognized human 
sOBM of th e pr e s e nt inv e ntion or befe-the monoclonal antibody recognizing hiunan 
sOBM and mouse sOBM . Purified monoclonal antibodies were obtained fi*om the ascites 
using Protein A column (Pharmacia Co., Ltd.) chromatography in th e ascit e s, was 
purifi e d according to th e purificatio n accordance with the method e ffor purifying an anti- 
OBM/sOBM polyclonal antibodi e s using a Prot e in A colum n antibodv described in4he 
Example 28. Th e purifi e d monoclonal antibody was thus obtain e d fi'om th e ascit e s by 
Protein A colimm chromatography (Pharmacia Co t)? 
<[Example 33>1 

Antig e n specificity of monoclonal antib ody 

Antigenic Specificity of the Monoclonal Antibody 

The antigenic specificityies of ar-monoclonal antibod v antibodies, which 
specifically recognizesd human sOBM^ and theof monoclonal antibod v antibodies, 
e xhibitin g having cross-reactivity to both th e w ith human sOBM and mouse sOBM-was 
inv e stigat e d , were examined using human sOBM, human intact human OBM having a 
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membrane binding r e gion site, mouse sOBM, and ffietise-intact sOBMmouseOBM 
having a membrane binding regien site as antigens . Mor e than thirty kinds Although over 
30 types of monoclonal antibodvies were obtained— ^Tthe results on sev e ral of 
representative monoclonal antibodies are shown in Table 1 . As a result, it was 
fe^m drevealed that most of anti-human sOBM monoclonal antibodies which specifically 
recognized htmian sOBM also r e cognize the human recognized even intact human OEM 
having a membrane binding r e gion, but site and did not therecognize mouse QB MsOBM 
and th e mous e intact mouse OBM which has having a membrane binding r e gion site.-Qn 
th e other hand 

Meanwhile , it was found that only a few monoclonal antibodies recognizing both 
theof himian sOBM and mouse sOBM were also obtained and it was found that these 
antibodies exhibit had cross-reactivity to both th e w ith human OBM and mouse OBM. 
These results shewindicate that th e r e is a common antig e n r e cognizing sit e s, nam e ly a 
common e pitop e s, in both th e human OBM and mouse OBM had a common antigen 
recognition site, i.e., epitope . Bas e d on th e fact that th e Since an anti-human sOBM 
monoclonal antibody prepared using th e bv use of human sOBM as an immun e antigen 
also equally recognizesd human OBM havin g , which was a membrane binding r e gion. 
Anti human sOBM intact protein, the monoclonal antibody was named thean anti-human 
OBM/sOBM monoclonal antibody. 
TABLE 1 



Antibody 



hsOBM 



Antigen 



heBM 



MsOBM 



mOBM 



HOBMl 



H OBM 2 



H OBM 3 



H OBM 4 



H0BM5 



H0BM6 



H OBM 7 



H OBM 8 



H OBM 9 



H OBM 10 



H OBM 11 



H OBM 12 



H OBM 13 



H OBM 11 



4. 
4- 



4- 
4» 
4- 
4* 
4- 

4= 
4- 



4' 
4* 
4« 
+ 
4^ 
4= 
4^ 
4^ 
4- 
4= 

4^ 
4. 

4* 
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Table 1 



Antibody 
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(hsOBM: human soluble OBM, hOBM: human membrane bonding tvp e b inding OBM, 



msOBM: mouse soluble OBM, mOBM: humm imouse membrane bonding tvp e b inding 
OBM) 

<[Example 34>] 
D e t e rmination of 

Tests of eC lass and_ sSubclass -ef^ of mM onoclonal aAntibody 

The class and subclass of the monoclonal antibody of the present invention were 

determined by th e immunoglobulin class and subclass analysis ki tu se of the 
Immimo globulin Class/Subclass Analytical Kit (Amersham Co. , Ltd. ) according to th e. 
The tests were conducted in accordance with a protocol indicat e d p royided in the kit . The 
results enof representatiye monoclonal antibodies are shown in Table 2. As shown in 
Tabl e 2, th e The majority of anti-human OBM/sOBM monoclonal antibodies werehad 
IgGi, th e oth e rs w e r e and some antibodies haying IgG2a oftdor IgG^h were also found . 
Light chains fo r Further, all of the antibodies w e r e k chains had k chain as a light chain . 



TABLE 2 



Antibody 


IgQi, 








IgA 




HOBM 8 














H OB M 9 














H OBM 10 














HOBM 11 














H OBM 12 






4^ 






4> 
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HOBM 13 


4> 










4^ 


H0BM11 


4= 










4*. 



Table 2 



Antibody 


IgGi 


igG2a 


IaG2h 


IgGi 


IgA 


; K 


H-0BM8 














H-OBM 9 


± 










± 


H-OBM 10 


± 










± 


H-OBM 11 


± 












H-OBM 12 














H-OBM 13 


± 












mamiM 












■ ■: + 



[Example 35>1 

Measurement of tho disGOciation constant (Ka Dissociation Constant (Kn value) of 
monoclonal antibody for the Monoclonal Antibodies 



The dissociation constant of th e constants for monoclonal antibodvies waswere 
measured according to in accordance with a known method (Betrand Friguet et al : 
Joumal of Xmrnimtmological Methods, 77, 305- to 319, 1986). That is, the purified 
antibody obtained in the-Example 32 was dilute d at 5 ng/ml with 0.4 M Tris-HCl buff e r 
(a primary buffer, pH 7.1) containing 40% Block Ac e BLOCKACE and 0.1% 
Ppolysorbate 20 to giv e a conc e ntration of 5 ng/ml. Th e solution was mix e d with fpH 7.4, 
primary buffer) and an equivalent volum eamount of a dilut e d solutio n diluent o f the 
purified hxunan soluble OBM (hsOBM) obtained in Example a84 n28, prepared with the 
primary buffer wife-a rat stepwise- concentration rang e o f from 6.25 ng/ml to 10 fi^ixg/mlT 
Th e mixtur e was allow e d , was added and the solution was left to stand at 4'^C for 15 
hours atso 4^as to bind the hsOBM to th e monoclonal antibod y to hsOBM . After 15 
hours, the^ antibody not boim d unbound to th e hsOBM (10 | Jg/ml 100 pl/w e ll) hsOBM 
was measured using an immobiliz e db y solid phase ELISA with sohd-phased hsOBM (10 
|Lig/mL 100 [il/well) so as to calculate the dissociation constant of the monoclonal 
antibody to fee-hsOBM. In addition . Further, the affinity tefor msOBM of an antibody, 
which is a monoclonal antibody for th e hsOBM and also e xhibits the antibodies, having 
cross-reactivity t ewith mouse soluble OBM (msOBM) and hsOBM , was also measured 
according to th e sam e m e thod e xcept forb y using msOBM instead o fi n place of hsOBM 
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at the above-mentioned method. Particularly, the hsOBM. Dissociation constan t results 
o f particular antibodies, which exhitohad high affinity tefor each antig e n of the antigens 
and fffewere useful ferin enzymatic immimoassay-aidi binding assa y and such , are shown 
in Table 3. 



Table 3 



Antibody 


Subclass 


Antigen 


Dissociation constant Kd (M) 


H OBM 1 




hoOBM 


4-X4O-t^<kd<lxl0-*" 


H OBM ^ 




hsOBM 


4-je40^ <kd <lxl(r*^ 


H OBM 9 




hsOBM 


4-*40-^ <lcd<lx 10-^ 


H OBM 9 




moOBM 





Antibody Subclass Antigen Dissociation Constant Kd (M) 

H-OBM 1 IgGi (k) hsOBM 1 X 10'^^ <Kd< 1 X 10'^^ 

H-0BM4 IgGj (k) hsOBM 1 X 10'^^ <Kd < 1 X 10'^^ 

H^OBM 9 IgG i (k) hsOBM 1 X 10'^ <Kd < 1 X 10'^ 

H-0BM9 IgG r (k) msOBM 1 X 10^<Kd< 1 X 10'^ 



As a result, th e dissociation constants (Kd) o fi t was found that H-OBM 1 and H- 
OBM 4 which afe-fee -were specific antibodies sp e cific to for human soluble OBM 
(hsOBM) weFe4H showed a dissociation constant on the order of 10"^^ M, indicating 
fe ethat they had very high affinity tefor hsOBM. On th e oth e r hand M eanwhile , the Kd 
value of th e antibody H-OBM 9 which r e cogniz e s w as an antibody recognizing both-ttie 

Q 

hsOBM and mouse soluble OBM (msOBM) was inon the order of 10* M with respect to 
msOBM and inon the order of 10'^ M with respect to hsOBM. In addition F urther , ^ 
dissociation constant of th e oth e rr egarding H-OBM 13. which was another antibody 
which r e cogniz e s recognizing both antigens shown in-fee Table 1, ir-er-the dissociation 
constants of H-OBM 13 for e ach antig e n, was th e same as tha t with respect to both 
antigens were almost identical with those of H-OBM 9, and thes esince tw eboth 
antibodies b e long to had the same subclass . Th e s e findings suggest th e j _a possibility was 
suggested that they af ewere the id e ntical antibodi e s which r e cogniz e same antibody 
recognizing the same epitop e of e ach antig e n . 
^[Example 36>] 
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Method for Measuring m e thod of -fettmaflHuman OBM and sOBM by sSandwich 
ELISA gUsing aAnti-hHuman OBM/sOBM mM onoclonal aAntibod iesv 

A sandwich Sandwich ELISA was constructed «siftgby_useof the two types of 
high affinity monoclonal antibodies obtained in Example 35, i.e., H-OBM 1 and H-OBM 
4, r e sp e ctiv e ly as a solid phase antibody and an enzyme- labeled antibod y, respectively . 
Lab e ling o f Maleimide Activated Peroxidase Kit (Pierce Co., Ltd.) was used for labeling 
the antibod y was carried out using a mal e imid e activat e d p e roxidas e Icit (Pi e rs Co.) . The 
H-OBM 1 antibod y, H OBM 1, was dissolved in a-0.1 M sodium bicarbonat e hydro gen 
carbonate solution teat a concentration of 10 ]:*jjLg/ml, and 100 of the resulting 
solution was added to each well inof 96-well immimoplates (Nunc compan y Co., Ltd. ). 
Aft e r b e ing allow e d The plate was left to stand at 4'^C ovemight atso 4^as to 
immobiliz e attach the antibody ?. After the solutio n in each well was discarded-«id^ 300 
^=^Jil of 50% Block Ac e ™ solution B LOCKACE was added to each well^ inand the plat e s. 
Each w e ll in th e plat e s plate was block e d by allowin g left to stand at room temperature for 
twe2 hours so as to cause blocking . After the blocking, the plates w^was washed with 
phosphate buffered saline containing 0.1% Ppolysorbate 20 (PBS-P). Human-^M 
fhOBM) soluble sOBM and huma n solubl e OBM (hGOBM) each were r e sp e ctiv e ly 
diluted wit h dissolved in 0.4 M Tris-HCl buffer, ( pH ^7.4) contaming 40% Bleek 
Aee ^LOCKACE (Snow Brand Milk Products Co., Ltd.) and 0.1% Ppolysorbate 20 
(Wako Pure Chemicals Ce rlndustries, Ltd.) ( th e first p rimary reaction buffer) and diluted 
so as to prepare test samples with various concentrations. Th e s e t e st sampl e s with 
diff e r e nt 100 |al of each of test sample, prepared at various concentrations^ w^Fewas added 
to each well in th e amount of 100 pi p e r w e ll ., and reaete dthe plate was left to the 
antibody, H OBM 1 immobiliz e d on e ach w e ll by incubatin g stand at room temperature 
for twe2 hours T so as to cause a reaction. Aft e r two hours, th e plat e s w e r e Thereafter, the 
plate was washed with PBS-P^44ext ., and 100 of a solution of POD- labeled H-OBM 
4 antibody i ndiluted with 0.2 M Tris HCl buff e r, HC (p H-^ 7.4) containing 25% Bleek 
Aee^ ^LOCKACE and 0.1% Ppolysorbate 20 ( th e s e cond secondary reaction buffer) was 
added to each well , follow e d by fiirth e r incubatin g . The plate was left to stand at room 
temperature for twe2 hours so as to cause a reaction . Tho plat e s w e r e th e nA fter the plate 
was washed with PBS-P-and^ 100 o f an e nzym e substrate solution (TMB, ScyTek 
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Co. , Ltd. ) was added to each well to start e nzyme r e action. Th e e nzym e r e action was 
t e rminat e d b v so as to develop color in the addition wells, efand 100 \^ix\ of a-reaction 
t e rminatio n stopping solution (stopping reagent, ScyTek Co. , Ltd. ) was added to each well 
so as to stop the enzyme reaction . The absorbance of e ach w e ll at 450 nm of each well 
was measured usin gbv use of a microplate reader. The results are shown in Figur e 
Fig. 27. 

As a result, it was confirm e d revealed that the sandwich ELIS A constructed 
ttsi ftgbv use of the two types of high affinity anti-human OBM/sOBM monoclonal 
antibodies obtained in Example 35, i.e. , H-OBM 1 and H-OBM 4 with high affinity for 4^ 
detected human OBM / and human sOBM pr e par e d in th e Example 35, equall y r e cogniz e s 
human OBM and human sOBM, and is abl e to m e asur e a v e ry small amount of human 
OBM or human sOBM at a quantitativ e limit o f The measurement sensitivity thereof 
was about 1.25 ^(AQ'^-to 2.5 X 10"^ pmol/ml (about 50- to 100 pg/ml for human OBM 
wit hhaving a molecular weight of about 40 kDa, about 40- to 80 pg/ml for human sOBM 
wiAhaving a molecular weight of about 32 kPa) , and very small amounts of human 
OBM and human sOBM could be measured by the ELIZA . Th e hybridomas which 
produc e Hvbridomas producing these two types of anti-human OBM/sOBM monoclonal 
antibodies, H-OBM 1 and H-OBM 44, were named H-OBM 1 and H-0BM4, 
respectively. Th eFurther, a hybridoma producing H-OBM 9, the anti-human 
OBM/sOBM monoclonal antibody (H OBM 9) w hich rocogniz e s recognized both mouse 
OBM and mouse sOBM and also has an ost e oclast formation exhibited 
osteoclastogenesis inhibitory activity, was named H-0BM9. These hybridomas were 
deposited with the National Institute of Bioscience and Himian -Technology? of the 
Agency of Industrial Science and Technolog y, on Novemb e r 5. 1993 of the Ministry of 
Intemational Trade and Industry with Ddepositien Nes rnumbers PERM BP-6264 (H- 
OBM 1), FERM BP-6265 (H-OBM 4^ and FERM BP-6266 (H-OBM 9 V on November 
5, 1997. 

<{Example 37>] 

Measurements of mMouse OBM and mM ouse sOBM uUsing aAnti-hHuman 
OBM/sOBM monoclonal antibody which r e cognizes meuseMonoclonal Antibody 
Recognizing Mouse OBM and mM ouse sOBM 
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A sandwich ELISA was construct e d Sandwich ELISAs using the anti-human 
OBM/sOBM monoclonal antibody^ H-OBM 9, which recogniz e s 9 recognizing mouse 
OBM and mouse sOBM and obtained in Examples 33 and 35 as-^ _a solid -phased 
antibodv4 ft, and using the Exampl e s 33 and 35, and th e anti-mouse OBM/sOBM 
polyclonal antibody obtained in Example 28 as an enzyme- labeled antibod y obtain e d in 
the e xampl e 28. , were constructed. Th e mous e Mouse OBM and mous e sOBM w e r e 
r e sp e ctiv e l y mouse sOBM were diluted stepwise with the^irs t primary reaction buffer te 
giv e various conc e ntrations in the same manner as in th e Exampl e 35 and th e n m e asur e d 
sOBM according to th e m e thod d e scrib e d in th e Example 35, and the mouse OBM and 
mouse sOBM were detected in the same manner as in Example 36. The results are 
shown in FigweFig. 28. As a resuU, it was feuft dconfirmed that the mouse OBM and 
mouse sOBM eancould be similarly m e asur e d using H OBM 9 which is th e detected 
equally by use of the anti-human OBM/sOBM monoclonal antibod y r e cognizin g H-OBM 
9 which recognized the mouse OBM and mouse sOBM of th e pr e s e nt inv e ntion . As 
shown by-iiLthe results of Example 35, this anti human OBM/sOBM monoclonal the 
antibody H-OBM 9 hasd a high dissociation constant r e lativ e with respect to the mouse 
sOBM ; in other words , nam e ly it has a comparativ e l v the antibody had relatively low 
affinity te for the mouse sOBM. Th e s e nsitivity i n Thus, the measurement sensitivities of 
mouse OBM (molecular weight^: about 40 kDa) and mouse sOBM (molecular weight^i 
about 32 kDa) by thi sthe above ELISA assay was were about 25 10"^ pmol/ml (about 1 
ng/ml for mouse OBM-«id^ about 0.8 ng/ml for mouse sOBM). 
<j;Example 38>1 

Assay for Osteoclastogenesis- ilnhibitory. aActivity of aAnti-OBM/sOBM aAntibody 

It is known that an osteoclast-like cells (OCL) «eis induc e d derived by co-culture 
of mouse spleen cells and ST2 cells (mouse bone marrow- derived stromal c e lls; 
interstitial cell) ( Endocrinology, 125, 1805 1813 1,805 to 1,813 (1989)). Capabilit v Thus, 
it was examined whether derivation o f th e anti - OCL was inhibited by addition of an 
OBM/ sOBM antibod y to inhibit th e OCL formation wh e n add e d to the co-culture-systeH 
was studi e d . B e caus e th e Since mouse OBM iswas expressed in thise co-culture system, 
aantibodies used in this Example were H-OBM 9 and rabbit anti-mouse OBM/sOBM 
polyclonal antibody which r e cogniz e s recognizing mouse OBM and an anti huma n . The 
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OBM /gOBM monoclonal antibody (H OBM 9) which rocogniz e s both human OBM and 
mous e OBM antig e ns w e r e us e d as th e antibodies in this exampl e . S e v e n hundr e d 
microlit e rs p e r w e ll of each anti OBM antibod vw ere diluted seriaHystepwise with ef- 
aMEM containing 10% FCS and ^#0- Badded to a 24 well plate (Nunc Co.. Ltd.) in an 
amount of 700 la l/wcll-e f, and male mouse splonocvt e s spleen cells suspended in the 
above mediimi (2 xX 10^ /ml) susp e nd e d in th e sam e m e dium d e scrib e d abov e w ere also 
added to e ach w e ll in ar24 -an amount of 350 fil/ well plat e (Nimc) . N e x t Then , ST2 c e lls 
trypsinized aHd ST2 cells were suspended (8 X 10"^ cells/ml) in the above m e ntion e d 
cultur e medium containing 4 xX 10'^ M Vvitamin D3 and 4 xX 10'^ M D e xam e thazon e 
(8^e40' ^ c e lls/ml) w e r e dexamethasone, and the resulting suspension was added to e ach 
weH-in ^an amount of 350 ^)xl/wel l follow e d by culturing for six . The plate was 
incubated at 37°C for 6 days atfor ^^^€ culture . After the plates wer ewas washed e^ee 
with PBS once , the cells in e ach w e ll were fixed with ab y mixture of 50% ethanol and 
50% acetone (50:50) for on e hour at room temperatur e for a minute . Th e plat e s w e r e 
After the plate was air- dried-in-air, and 500 pi of substrate solution was added to e ach in 
an amount of 500 [il/ well according to th e in accordance with a protocol of the 
LEUKOCYTE ACID PHOSPHATASE a leukocvte acid phosphatase kit (Sigma Co., 
Ltd.), follow e d bv incubatin g and the plate was left to stand at 37°C for 55 minutes at 
37 ^50 as to cause reaction . Only th e c e lls e xhibiting th e Bv this reaction, cell showing 
tartaric acid- resistant acid phosphatase activity (TRAP activity), which is a specific 
marker ferof osteoclasts, were staine d by this r e action . Th e plat e s w e r e After the plate 
was washed-enee with distilled water once and air-dried in ain -^id the number of TRAP- 
positive cells was were counted. The resuhs are shown in Table 4. As shown in Tabl e 4 , a 
resuh, it was found that both of the rabbit anti-mouse OBM/sOBM polyclonal antibody 
and th e anti human OBM/sOBM monoclonal antibody, H-OBM 9, which r e cogniz e s 
mous e 0BM 9 inhibited derivation of OCL formation in a dos e d e p e nd e nt 
mann e r depending on the concentrations of the antibodv . Tbes elt was found that these 
antibodies w e r e found to poss e ss had osteoclastogenesis- inhibitory activity iik eas in the 
case of an osteoclastogenesis inhibitory factor, OCIF/OPG, and thus ar e promisin g were 
usefixl as a th e rap e utic ag e nt m edicament for treating bone metabolism abnormality 
symptoms . 
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Ti\BLE 1 

Table 4 



Amount of 
antibody 
(Mg/ml) 


Number of TRAP positive multinucleates 


Rabbit onti mouoo OBM/oOBM 
polyclonal antibody 


Mouse anti human OBM/sOBM 
monoclonal antibody (H OBM 9) 


0 


1155+53 


1050+45 


40 


510+24 


650+25 


inn 

1 


40+^ 


4544 



Amount of Antibody 


Number of TRAP Positive Multinucleate Cells 


Added 


Rabbit Anti-Mouse 


Mouse Anti-Human 




OBM/sOBM Polyclonal 


OBM/sOBM monoclonal 


fng/ml) 


Antibody 


antibody fH-OBM 9) 


0 


1.155 ±53 


1.050±45 


10 


:^.;:5 10 ±24- 


650 ±25 


100 


10 + 3 


15±4 



(Aaverage ^ standard deviation, n = 3) 
<[Example 39>] 

Human ost e oclast formation inducing activity of Trx OBM 



Osteoclastoginesis Inducine Activity of Trx-OBM 

Mononuclear cells were prepared from whole blood coll e ct e d sampled from thea 

vein of a heatflt ynormal adult by d e nsity gradi e nt human using Histopaque (Sigma Co.^ 
Ltd.) according to th e protocol with density gradient technique in accordance with an 
attached thefete protocol . The mononuclear cells were suspended at a eeH 
d e nsit y concentration of 1.3 3tX 10 cells/ ml mwith ea-MEM containing 10" M 
Bdexamethasone, 200 ng/ml of macrophage colony stimulating factor ( Th e Gr ee n Cross 
€ef pMidori Juii Co.. Ltd .). 10% fetal bovine serum^ and stepwise concentration (0 to 100 
ng/ml) of purified Trx-OBM (0 100 ng/ml) obtained in Example 15. The eeH-suspension 
was added to e ach w e ll in a 48— well plates in ^an amount of 300 i=fja,l-^ef-/well, and the 
c e lls w e r e cultur e d plate was incubated at 37°C for threeS days for culturing cells . 
Aft ^Thereaften the cultur e broth m edium was replaced with fe enew (identical with 
above m e ntion e d cultur e m e dium] , and the c e lls w e r e cultur e d p late was incubated at 
37°C for feu f another 4 days . Th e cultur e d for culturing cells havin g . Cell showing 
tartaric acid resistant acid phosphatase activity (TRAP activity) were selectively stained 
according to by the method described in Example 5. Th e 5, and the number of stained 
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multinucleat e s multinuclear cells was m e asur e d b v counted under the microscope 
obs e rvation . The results are shown in Rgur eFig. 29. It was confirm e d that TRAP 
positiv e multinucl e ates w e r e induc e d in As a dos e d e p e nd e nt mann e r by addition of Trx 
QB Mresult , while no TRAP positiv e cells showing TRAP activity were hardly detected 
in the wells to whic h containing no Trx-OBM, while TRAP positive multinuclear cells 
a ppeared in a manner depend on concentration of Trx-OBM when Trx-OBM was net 
added. Mor e ov e r Further , these TRAP- positive multinucleates r w e re found cells showed 
positive t eresult for vitronectin receptor which is a marker ferof osteoclasts. 
Furth e rmo r eln addition , when similar the ee Hsame culture was carri e d out conditions were 
used on jver vdentin sBees firagments placed o n e ach w e ll in a 48-well plate, pit format ien 
was obs e rv e d on th e ivory slic e s absorption cavities were formed on the surface of dentin 
fragments only in the presence of Trx-OBM. Bas e d on th e s e findings, Trx OBM was 
form e d to hav e th e Thereby. it was revealed that Trx-OBM had activity of inducing 
human ost e oclas tt o induce formatio n of human osteoclasts . 
<[Example 40] 

tohibition of bon e r e sorbing activity by anti OBM/sOBM antibody 

Bone Resorption Inhibitory Activity of Anti-OBM/sOBM Antibody 

1 5-day pregnant ddy mice (Nippon SLC Co.. Ltd.), 25 ^Ci of ["^^Cal -CaCh 
solution (Amersham Co.>-wa s, Ltd.) were injected subcutaneousl y inj e ct e d to ddY mous e 
(Japan SLC Co.) in th e 15th day of pr e gnancy at a dos e of 25 pCi p e r mous e to lab e l th e 
bon e of th e f e tus , and fetal bones were labeled with "^^Ca. Nex tOn the following day, the 
mous e was sacrific e d mice were slaughtered, and their abdomens were opened to 
ebtai nremove fetuses from the fettt suteruses . Th e for e foot of th e f e tus was drawn andA 
forelimb was removed from the fetus, the skin and muscle were removed to obtain 
th etake out a long bon e s. The b one, and a cartilage on the long bone w as also removed so 
as to ebtm nleave only the shafl sdiaphysis of the.long bones. Th e shafts of long bon e s 
w ^Each diaphysis was floated on e by on e in 0.5 ml of cultvu-e medium (BGJb medium 
( GIBCO BRL compan y Gibco Co., Ltd. ) containing-a 0.2% bovine serum albiunin (Sigma 
Co. , Ltd. )) in e ach w e ll in 2 4 w e ll plat e s, and cultured for 2 4 hours at 37°C in the 
presence of 5% COg rg for 24 hours. Afte r completion of the pre cultivatio n culture , the 
bon e s w e r elong bone was transferred into various fr e sh to a new culture mediaum (0.5 
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ml) , e ach containing ono of diff e r e nt various bone resorbEtiong factors (vitamin D3, 
prostaglandins E2, parathyroid hormone, interleukin l-aa)^ and normal rabbit IgG (100 
\^ixg/ml; as a control)^ or the rabbit anti-OBM/sOBM polyclonal antibody 
pr e pare d obtained in Example 28, follow e d by furth e r cultivation and then cultured for 
another 72 hours. After completion of the cultivation culture , the long bone s w e r e plac e d 
m was put into 0.5 ml of an aqu e ous solution of 5% trichloroacetic acid aqueous solution 
(Wako Pure Chemicals Ge rlndustries , Ltd.)^ and allow e d to stan d treated at room 
temperature for mor eat thanleast 3 hours so as to decalcif v be decalcified . Fiv eTo the 
conditioned medium and the trichloroacetic acid extract (0.5 ml each). 5 ml of-et 
scintillator (AQUASOL-2, PACKARD Packard Co. . Ltd.) was added to the culture broth 
an d th e e xtract of th e trichloroac e tic acid solution ( e ach 0.5 ml) to m e asur e the 
radioactivity of "^^C a. wh e r e by th e ratio was measured. The proportion of tbe-'^^C a which 
was liberated intein the culture broth b y solution due to bone resorption was calculated. 

Q 

The results are shown in Figur e s Figs. 30 to 33. As a result, although the vitamin D3 (10" 
M) was foimd to caused increase theof bone resorbetiong activity, btt tthe bone resorption 
caused by the vitamin was inhibited by addition of the rabbit anti-OBM/sOBM 
polyclonal antibody suppr e ss e d th e bon e r e sorption stimulat e d by vitamin D^ -in a 
concentration-dependent manner, and the bone resorption was completely 
inhibitin g inhibited by addition of the incr e as e d bon e r e sorptio n antibody at a 
concentration of 100 iifjag/ml ( Figur e 30). Prostaglandin s Fig. 30). Further, although bone 
resorption activity was increased in the presence of prostaglandin E2 (10"^ M) an dor the 
parathyroid hormone (100 ng/ml ) also incr e as e d th e bon e r e sorbing activity. How e v e r , 
the bone resorption caused by the prostaglandin E? or the parathyroid hormone was 
almost completely inhibited by the addition of 100 |Jg/ml of the rabbit anti-OBM/sOBM 
polyclonal antibody almost compl e t e ly inhibit e d th e bon e r e sorption stimulat e d by 
prostaglandins Eg and parathyroid hormon e ( Figur e s lOO |ag/ml)(Figs. 31 and 32). 
^ iMeanwhile, the oth e r hand, normal rabbit IgG (100 J:fjag/ml) , which was used as a 
positive control , did not aff e ct th e bon e r e sorbing activity induc e d by prostaglandins E^ 
an d had no effects on the bone resorption by the prostaglandin E^ and the parathyroid 
hormone. Ben eFurthen although bone resorption was also incr e as e d b v induced by the 
interleukin 1-m (10 ng/mPrfeu t as well the bone resorption was inhibited significantly 
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inhibited by the addition of rabbit anti-OBM/sOBM polyclonal antibody (100 \J^y,g/m\) 
(FigtiFeFig. 23). Bas e d on F rom these results, it iswas eJeafrevealed that the antibody of 
the present invention i swas excellent as a sup e rio rb one resorption inhibitory substance-as 
a bon e r e sorption inhibitor . Th e r e sults obtain e d by simila r As a result of conducting the 
same experiment using on H-OBM 9 which i swas a mouse anti-human OBM/sOBM 
antibody, it was confirmed that this antibody e xhibits an almost H-QBM 9 had 
a pproximately equivalent bone resorption- inhibitory e ff e ct as activity to that of the rabbit 
anti-OBM/sOBM polyclonal antibody. 

Industrial Applicability 

The present invention provides a novel protein that sp e cificall v which binds te 
osteoclastogenesis- inhibitory factor (OCIF), a proc e ss method for pr e paring th e 
pfetei nproduction thereof , a method for screening m e thod for a substance which controls 
expression of thise protein using this by use of the protein, a scr ee ning method for 
screening a substance which inhibits or modulatifies feean activity of thise protein, a 
scr ee ning m ethod for fe escreening a receptor which binds the protein and transmits thean 
activity of this prot e in by binding th e r e to thereof a pharmaceutical composition which 
contains th e comprising a substance obtained by feese said method for screenin g m e thods , 
an antibody ferto the-said protein, and an agent for treating bone metabolism abnormality 
which is formulated using the antibody. 

Mor e ov e r, th e pr e s e nt inv e ntion provid e s a DNA e ncodin g Furthermore, the 
present invention provides a DNA which encodes a novel protein (OCIF- binding 
molecule) which binds4e osteoclastogenesis- inhibitory factor (OCIF), a protein which 
poss e ss e s having an amino acid sequence encoded by the DNA, a m e thod for pr e paring 
the - method for genetically producing a p rotein which specifically binding to b inds to the 
OCIF using said b y use of the DN A by a g e n e tic e ngin ee ring t e chniqu e, and an agent for 
treating bone metabolism comprising saidthe protei n for tr e ating bon e m e tabolism 
acatastasia . Furth e rmor e , th e pr e s e nt inv e ntion provid e s a Moreover, methods are 
provided for screenin g m e thod for a substance which controls ttie_expression of the 
OCIF- binding molecule, a scr ee ning method for screening a substance whic h binds to 
the OCIF binding molecule and inhibits or modtttetifies tfeemi activity of th e OCIF 
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binding mol e cul e by binding th e r e to thergof, a scr ee ning method for tbe screening a 
receptor which binds OCIF binding molecule and transmits feeaii activity of th e OCIF 
binding mol e cule by binding th e r e to thereof , and a pharmaceutical composition which 
contains tho comprising a substance obtained by tbes esaid method for screenin g m e thods . 

Still furth e r, th e pr e s e nt inv e ntion provid e s a DNA e ncodin g Also provided is: 
DNA, which encodes a novel hxmian protein capabl e of binding to ost e oclastog e n e sis - 
inhibitory factor. OCIF (huma n-derived OCIF- binding molecule, human OBM) which 
binds osteoclastogenesis inhibitory factor (OCIF) , a protein containin g and having an 
amino acid sequence encoded by the DNA, a preeessmethod for pr e parin g genetically 
producing a protein having charact e ristics o fw hich specifically binding to b inds OCIF and 
e xhibitin g has a biological activity to support and promote the ost e oclast differentiation 
and maturation of osteoclasts b y meansuse of g e n e tic e ngin ee ring t e chniqu e the DNA , and 
an agent for treating bone metabolism abnormality ttsingcomprising the protein. 
Furth e rmor e , th e pr e s e nt inv e ntion provid e s 

Also provided are: a scr ee ning method fo r screening a substance which controls 
expression of the OCIF- binding molecule, a scr ee ning method for screening a substance 
whic h binds the OCIF binding molecule and inhibits or modtriatifies activity of th e 
OCIF binding mol e cul e by binding th e r e to thereof , a scr ee ning m ethod for tb escreening a 
receptor which binds the OCIF binding molecule and transmits the biological activity of 
th e OCIF binding mol e cul e by binding th e r e to thereof , and a pharmaceutical composition 
which contains the comprising a substance obtained by feese said method for screening 
m e thods , as well as an antibody to the human -derived OCLF- binding protein, and an 
agent for preventing and/or treating bone metabolism abnormality svmptoms which is 
formulated using the antibody. 

In additio nM oreoven the present invention provides antibodies an antibody (anti- 
OBM/sOBM antibody) which recognizes both of the following antigens-(ant4- 
OBM/sOBM antibodi e s) , ene4 si.e., a membrane bound prot e in binding molecule (OCIF 
binding molecule: OBM) which specifically binds to an OCIF (OCIF binding mol e cul e ; 
OBM) ^ and th e oth e r a soluble OBM (sOBM) which do e s not hav e a lacking membrane 
binding fegte nsites , a proc e ss method for pr e parin g production of the antig^body, a 
method for measuring the OBM and sOBM using th e s e antibodi e s b y use of the antibody . 
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and an agent for preventing and/or treating bone metabolism abnormality 
symptoms which ttsiftgcomgrise the antibody as an e ff e otiv e active compon e nt ingredient . 

The proteins-and- or antibodvies preparsented b y th e proc e ss of the present 
invention are useful as m e dicin e s und/o r medicaments. experimental reagents or 
diagnostic reagents for r e s e arch and t e st purpos e s . 
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